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Jaycar KIT OF THE 


Electronics 


12/24VDC 20A 


Motor Speed Controller Kit 


SILICON CHIP MAGAZINE JUNE 2011 KC-5502 


Control the speed of 12 or 24VDC motors from zero to full power, up to 


20A. Features optional soft start, adjustable pulse frequency to reduce 
motor noise, and low battery protection. The speed is set using the onboard 
trimpot, or by using an external potentiometer (available separately). 

Kit supplied with soldermasked PCB with overlay and all onboard electronic components. 


* PCB: 106 x 60mm 


POWER TESTING TOOLS 


DOUBLE 


POINTS 
24° 
Digital Multimeter Kit 
KG-9250 
Learn everything there is to know about component recognition 
and basic electronics with this comprehensive kit. From test leads 
10 solder, everything you need for the construction of this meter 
is included together will a detailed manual. With test questions 
and schematic supplied in the manual, the kit can be geared to an 
individual or class learning environment, making it an excellent 
choice for first year trade apprentices 
Kit supplied with DMM case, LCD, solder, battery, test leads, PCB, 
comprehensive 18 page learning manual and electronic components. 
© 67(W) x 123(H) x 25(D)mm 


$ 5 


DOUBLE 
POINTS 


cker Kit 
KC-5522 

An easy way to test a USB port to see if it is dead, faulty or in- 

correctly wired to help prevent damaging a valuable USB device 

you plan to connect. Voltage is indicated using three LEDs. 

Kit supplied with double sided, soldermasked and 

screen-printed PCB with SMDs pre-soldered, clear heatshrink, 

USB connectors and components for USB 2.0 & USB 3.0 

e PCB: 44 x 17mm 
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USB Power Monitor Kit й 


КС-5516 
At the touch of a button the 4-digit LCD panel can display 
current, voltage or power. It is auto-ranging and will read 
as low as a few microamps and up to over an amp. It also 
features display flip-mode, mode memory and digital 
calibration. 
Kit supplied with double sided, soldermasked and 
screen-printed PCB with SMDs pre-soldered, LCD 
Screen, and components. 
РСВ: 65 x 36mm 
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| 


| $1295 


LED Battery 


Voltage Indicator Kit 
KA-1778 

It provides power and low voltage indication using a bi-colour 
LED. Current consumption is 3mA at 6V and 8mA at 10V and the 
circuit is suitable for equipment powered from about 6-30VDC 
Kit supplied with PCB, bi-colour LED and all specified electronic 
components. 

• 25mm x 25mm 


1.3V to 22VDC 1A 
Voltage Regulator Kit 


KC-5446 
This handy voltage regulator can provide up to 1,000mA at апу 
voltage from 1.3 to 22VDC. Ideal for experimental projects or as a 
mini bench power supply. 
Kit supplied with PCB and all electronic components. 
* Heatsink may be regulated depending on output current. 
• 38 x 35mm 


Terminal and 
Connector Bargain 


Pack хв-9005 

Contains an assortment of over 
60 different in-line, PCB mount 
connectors and PCB mount 
terminals. 


PCB Mount Screw 
Terminal Bargain 


Pack хв-9004 

Includes at least 10 x 2-way 
screw terminals with 5.08mm 
(0.2") pitch, and a few 2 or 3-way 
at 2.54mm (0.1") pitch 


To order phone 1800 022 888 or visit our new website www.jaycar.com.au 


FREE 10K POTENTIOMETER LINEAR SINGLE 
GANG (24MM) (RP-3510) AND FREE UB3 
BLACK BOX (HB-6013) FOR NERD PERKS 
CARD HOLDERS’ RP-3510 Valid with purchase of 


KC-5502 


RP-3510 VALUED AT $2.95, HB-6013 VALUED AT $3.95 


12VDC Relay Card Kit 

KG-9142 

This kit will close a relay's contacts with as little as 5mA to trigger the 
circuit. Literately any kit you see on these pages that uses an LED as 
a trip-condition indicator, can be used with this nifty project. Use the 
relay to sound buzzers, switch on lights, operate solenoids, trigger 
alarms, etc 

Kit supplied with Kwik Kit PCB, relay plus electronic components 

* 3A max current 
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Battery Saver Kit 


FOR RECHARGEABLE LITHIUM AND SLA BATTERIES 


KC-5523 

It loads and cuts off the power when the battery becomes flat to 
prevent the battery over-discharging and becoming damaged. Suitable 
for use with cordless power tools, emergency lights, small to medium 
UPS (up to about 300VA) and a wide variety of other devices. 
e Suits most SLA, Li-ion, Li-Po and LiFePO4 batteries between 6 

to 24V 
* Cut-off voltage adjustable from 5.25 to 25.5V 
• 38 x 18.5mm 


Switch Bargain MKT Capacitor 
Pack x8-9007 Bargain Pack 

A true lucky dip of over 50 high ХВ-9008 

quality switches, including rocker, A vast array of over 90 high 
tactile, toggle, DIL, pushbutton quality WIMA brand X2 type and 
and micro switches. No two bags — other capacitors. 


are the same. Excellent value for 
money. 
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14 A Look At Quantum Computers 
Quantum computers are based on a different type of architecture to convention- 
al computers and can solve problems using the strange properties of quantum 
mechanics, such as superposition and entanglement — by Dr David Maddison 


24 Macroscopic Entanglement At Room Temperature 
News of an exciting new milestone in quantum computing 


80 Save Money By Replacing Batteries In Emergency Lights 


Ultrasonic < 


When Nicad batteries in emergency exit lights fail, the entire fitting is usually Garage Parking 
replaced. But don't be a tosser; replace the Nicad battery pack instead and Assistant — 
save $$$ — by Ross Tester Page 26. 


Projects To Build 


26 Ultrasonic Garage Parking Assistant 
Is your garage a tight squeeze? This unit displays the distance from the wall of 
your garage to your car's bumper bar in large digits on a bright colour-coded gs 
background: green for go, yellow for slow and red for stop - by Geoff Gral а 


34 1-Wire Digital Temperature Sensor For The Raspbéh 
If you just want to measure temperature, then using a Sense HAT with the 
ЕРІ is overkill. A much cheaper and more accurate option is to use a DS18B20 
1-Wire Digital Thermometer Sensor — by Greg Swain & Nicholas Vinen 


38 Delta Throttle Timer For Cars 


This device activates a timer and a relay if you accelerate or decelerate Ta , 
Use it for intercooler water spray and/or intercooler fan control, automatic и 
boost increase with hard driving, automatically switching power or economy 
transmission modes or for some other application — by John Clarke 


60 Solar MPPT Charger & Lighting Controller, Pt.2 N 
Our new Solar MPPT Charger/Lighting Controller uses solar panels to charge a 
12/24V battery and then works with LDR/PIR sensors to run 12V DC lighting or 
an inverter. Pt.2 this month, shows you how to build it — by John Clarke 


72 Battery-Pack Cell Balancer For Optimum Charging 
Many chargers can handle lithium-ion, lithium-polymer or LiFePO; batteries but 
do not balance the charge between cells. This can lead to incomplete charging 
and premature failure. Here's how to solve the problem — by Nicholas Vinen 
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54 Serviceman’s Log Cars — Page 38. 
Sorting out my quake-damaged workshop — by Dave Thompson 


67 Circuit Notebook 
(1) Hot-Wire Cutter With Heat Controller; (2) Adjustable Current Sink For Valve 
Biasing; (3) Soldering Iron Timer; (4) Improved AM Tuner Has Low Distortion 


82 Vintage Radio 
HMV 1939 model 209 5-valve radio — by Graham Parslow 


Departments 


ы 


1-Wire Digital Temperature 
Sensor For The Raspberry 
i — Page 34. 


<> 
2 Publisher's Letter 90 Ask Silicon Chip Battery-Pack Cell Balancer For 
4 Mailbag 95 Market Centre Optimum charging ege 72. 
53 Product Showcase 96 Advertising Index MARCH 2016 1 


88 SC Online Shop 96 Notes & Errata 


Publisher & Editor-in-Chief 
Leo Simpson, B.Bus., FAICD 


Production Manager 
Greg Swain, B.Sc. (Hons.) 


Technical Editor 
John Clarke, B.E.(Elec.) 


Technical Staff 
Ross Tester 
Jim Rowe, B.A., B.Sc 
Nicholas Vinen 


Photography 
Ross Tester 


Reader Services 
Ann Morris 


Advertising Enquiries 
Glyn Smith 
Phone (02) 9939 3295 
Mobile 0431 792 293 
glyn@siliconchip.com.au 


Regular Contributors 
Brendan Akhurst 
David Maddison B.App.Sc. (Hons 1), 
PhD, Grad.Dip.Entr.Innov. 
Kevin Poulter 
Dave Thompson 


SILICON CHIP is published 12 times 
a year by Silicon Chip Publications 
Pty Ltd. ACN 003 205 490. ABN 49 
003 205 490. All material is copy- 
right €. No part of this publication 
may be reproduced without the written 
consent of the publisher. 


Printing: Offset Alpine, Lidcombe, 
NSW. 


Distribution: Network Distribution 
Company. 


Subscription rates: $105.00 per year 
in Australia. For overseas rates, see 
our website or the subscriptions page 
in this issue. 

Editorial office: 


Unit 1, 234 Harbord Rd, 
Brookvale, NSW 2100. 


Postal address: PO Box 139, 
Collaroy Beach, NSW 2097. 


Phone (02) 9939 3295. 
E-mail: silicon@siliconchip.com.au 


ISSN 1030-2662 


Recommended & maximum price only. 


2 SILICON CHIP 


Publisher's Letter 


Future electronic developments 
in cars 


Every month it seems there is some new development 
being introduced in cars to improve safety, efficiency 
or driveability. For example, many new cars now have 
adaptive cruise control, lane departure warning, rear 
cross-traffic alert, 360? camera view, automatic engine 
stop and restart and so on. Upmarket cars have head-up 
displays on their windscreen, some have auto reverse 
parking and many SUVs have rear cameras. 

But it also seems that at least some of the electronic developments are trivial, 
such as touch-screens to control the phone, music and air-conditioning, while 
often eliminating the CD player. And do you really need a car with multiple 
12V and USB outlets, to go with the multiple cup holders? 

Overall, it seems as though at least some of the new features are just being 
added as marketing features, or they really only provide a fraction of what could 
easily be incorporated with the same hardware. For example, if a car has a rear 
camera, why isn't there an integral recording feature to an SD card? That way, 
you would have a video recording of any rear-end collision. In fact, the car's 
OBD system could add in the info for speed, brake and throttle settings. 

It also seems rather silly to see brand-new cars fitted with after-market dash 
cameras. Why aren't such cameras already built-in? Some cars do have a for- 
ward-facing camera but no recording feature; that's just silly. Or if a car has 
in-built GPS satnav, why doesn't it give a readout of speed? Yes, in many cars 
there would be a discrepancy between the speedo which is often optimistic 
(under ADR specs) but the at same time the odometer is accurate. Why not the 
speedo too? 

And if some cars have lane departure warning, why don't they have "lane 
keeping assist" as well? This is an easy manufacturing upgrade for all cars with 
electric steering. In fact, quite a few upmarket cars can be easily made to drive 
autonomously - check out the YouTube videos of this with a stream of Hyun- 
dai Genesis saloons. 

But there are other potential developments which seem to have well and truly 
stalled. For example, what about electric braking? Is the conventional power- 
assisted hydraulic system, tied to the ABS and traction control systems still the 
best way to go? It seems as though electric braking, with servo-controlled pis- 
tons on the disc brakes could potentially be superior. In fact, why not extend 
some of the present dynamic energy recovery used in some cars for auto-start 
and restart, to do virtually all the braking? 


More radically, do we even need the rear window on cars? Recent styling trends 
to smaller rear window glass have compromised rear vision anyway and if the 
rear window glass was totally eliminated, it would reduce solar heating of the 
car and the annoyances of cars with bright lights following too closely. In fact, 
rear vision cameras could eliminate internal and external rear vision mirrors. 


And whatever happened to the move to 42V systems? That makes even more 
sense today with the greatly increased load on car electrical systems and the 
weight reduction that is now possible with lithium batteries. A lithium battery 
and a 42V (or close) system seems like a natural fit. 


While all of this is going on, electric car sales are more or less going no- 
where. This is only partly due to the current low price of fuel (which could eas- 
ily change) but also relates to the lack of advantage of electric cars. Sure, you 
don't have to visit the petrol station and the cost of fuel (electricity) is quite 
low but most of the few available electric cars have limited range and are quite 
expensive compared to their internal combustion engine-powered equivalents. 


Leo Simpson 
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missions to “Ask SILICON CHIP", “Circuit Notebook" and “Serviceman”. 


Beating the drum for 
Australian-made products 

It was great to read your story in the 
January 2016 issue on Versatile Tech- 
nology, regarding their manufacturing 
facility in Australia and them doing so 
well. Good on them. 

It seems that there could be many 
other interesting stories about Austral- 
ian companies and their on-going suc- 
cess in producing all sorts of products. 
It certainly belies the general belief 
among a lot of people that Australia 
“doesn’t make anything any more”. 

Here at Altronics, we too have been 
manufacturing products in Australia 
at our Perth headquarters for many 
years. We have a department dedi- 
cated to manufacturing our range of 
“Redback” public address amplifiers 
and associated equipment, thousands 
of which are made each year. 

These are installed in the prem- 
ises of corporate customers such as 
Bunnings, Masters Hardware, Coles, 
Kmart, Dan Murphy’s, schools, hos- 
pitals, clubs and all manner of other 
places and we also sell them overseas. 

We know we could source similar 
products from SE Asia but generally 
these items fall way short of what is 
expected here in Australia in terms 
of quality, reliability and features. We 
are so confident in our product quality 
that we offer an industry-high 10-year 


Solid state amplifiers 
superior to valves 

I am a long-time reader of your 
magazine (my collection also in- 
cludes Electronics Australia and the 
last few editions of RTV&H) and this 
is the first time I have been tempted 
to drop you a line. I guess you can ap- 
preciate my interest in the Currawong 
Valve Amplifier (SILICON CHIP, No- 
vember & December 2014, January 
2015) and the new valve preamplifier 
in the January 2016 issue. 

Having picked up the latest copy, 
I fast-forwarded to the article, prob- 
ably more for sentimental reasons 
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warranty on our locally made Redback 
products. 

We employ some very clever peo- 
ple, who design the products from 
conception, including electronic and 
mechanical design, through to the as- 
sembly process. Naturally, not eve- 
rything is done in-house, as we out- 
source metal-work and PCB assembly 
to local Perth specialists. 

Further to our own manufacturing 
department, Altronic’s parent com- 
pany Altronic Distributors, supplies 
hundreds of companies, large and 
small Australia-wide, with its range of 
components, connectors, transformers 
and enclosures. All of these companies 
are manufacturing a variety of niche 
products and employing thousands of 
tax-paying people. Now that must be 
good for the country and the economy! 

Brian Sorensen, 

General Manager, 

Altronic Distributors Pty Ltd, 

Perth, WA. 


than anything else, but I was stopped 
in my tracks at all the (red) nega- 
tive values for the operating volt- 
ages around the 12AX7s. I built up a 
number of circuits using these valves 
in the 1960s and was beginning to 
wonder if you knew something that 
I didn’t, until I checked all the com- 
ponent polarities which conformed 
to expectations. 

It's interesting to revisit the old 
technology and look at some fresh 
concepts for power supplies but I 
do not regret the passing of the ther- 
mionic valve with all its inefficien- 
cies. Despite all the complexity, the 


Binary fluid steam power 
plants not mentioned 

I have a few comments to make re- 
garding Dr David Maddison's series 
of articles, the most recent appear- 
ing in the December 2015 issue and 
concerning Super-Critical and Ultra- 
Super-Critical Steam Power Plants. 
I was somewhat astonished that he 
made no mention of binary working- 
fluid power-plants as exemplified by 
the Kalina Cycle and for which there 
are several operational examples 
around the world. So much so that I 
actually wondered if Pt.2 was тіѕ5- 
ing! These web links will fill you in: 
www.physics.hmc.edu/-saeta/ 


courses/p80/oldwiki/files/16042.pdf 
https://en.wikipedia.org/wiki/ 


Kalina_cycle 

As an aside, attempts to improve the 
basic efficiency of steam boilers are not 
restricted to utility power-plants, as 
a most novel and by all accounts, ef- 
fective system was trialled around the 
mid 20th century (no doubt spurred on 
by the rebels opposing the ‘dieselisa- 
tion’ zealots fast encroaching on sacred 
territory!) to improve (ie, reduce) the 
fuel consumption of coal-fired steam 


modern solid-state device is inher- 
ently more reliable and sounds pretty 
good to my ears. 

Keep up the good work. You guys 
have been my unofficial textbook 
over the years. I think my next pro- 
ject will be that nice BIG CLOCK you 
have just finished describing. 

Owen Goodrick, 

Tauranga, NZ. 

Comment: although not obvious at 
first glance, the “minus” signs in 
front of the voltages on the valve 
preamp circuit are in fact “approx- 
imate” symbols. We'll try to make 
these easier to distinguish in future. 
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PCBCART Capabilities 


PCB fabrication up to 32 layers 

Min. tracing/spacing to 3mil/3mil 

Min. microvias to 0.1mm 

Special PCBs-Aluminum, flex and HDI 
Prototype to mass production 

Small quantity full turnkey PCB assembly 
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SparkFun Inventor's Kit for Photon 
Control your devices through 

the cloud. The kit provides you 

with the Photon RedBoard and LP, 
everything you need to hook up s-^ ЖО) 
апа experiment with multiple х7 


electronic circuits! 
SKU: SFC-026 
Price: $165.00 ea + GST 


Wind Direction Sensor 
The sensor scales the wind direction to a 
0 to 5 МОС output. It can be 
easily connected to a PLC/ 
SCADA system to provide 
monitoring and control of 
Systems according to wind 
direction. 12 to 30 VDC 
powered. 

SKU: FSS-012 

Price: $170.00 ea + GST 


Compact Ultrasonic Rangefinder 
5 m range, compact, IP67 ultrasonic 
rangefinder with 1 mm 


resolution. Analog voltage, pulse 
width and RS-232 serial outputs. 
SKU: MXS-103 

Price: $149.95 ea + GST 


Digit-TL 
Battery powered temperature 

logger that can store up to 260k readings. 
Up to 3 year battery life. 7 log intervals, 
2 programmable alarm thresholds. 
Download to .csv files 
over USB to Windows 
based computer. IP68 
enclosure included. 
SKU: LAJ-060 
Price: $72 ea + GST 


Back To Back Digital I/O 
Two wireless I/O cards in 
a pair. 2 x digital inputs 
trigger two relays over the 
wireless link. Additional 
output to indicate comms 
link status. 24 VDC 
powered 
SKU: KTA-307 
Price: $299.00 ea + GST 


Wireless MiniPixel Controller. 
Based around the PICAXE18M2 
microcontroller, this programmable 
controller features include 
wireless control, 3 analog/ 
digital inputs, 2 relays, a 4 
position DIP switch and 2 
potentiometers. 

SKU: PIX-0042 
Price: $99.50 ea + GST 


High Accuracy Digital Compass 
НСМ508В digital magnetic compass. 
Course accuracy better than 

0.5 degrees at 0.1 degree 4 
resolution. Housed in а rugged А 
IP67 aluminium enclosure. a 
SKU: SRS-220 3 
Price: $949.00 ea * GST 
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Mailbag: continued 


IR remote control 
over Ethernet 

I have TV sets in some bedrooms 
and two living areas. Some of the 
TVs have internet access and stream- 
ing while others have internet ac- 
cess and streaming by use of set- 
top tuner/recorder units. As each 
TV set or tuner/recorder unit pro- 
vides different services, depending 
on the brand, I wish to get a greater 
choice but without having to pur- 
chase a number of set-top boxes for 
each TV set. 

Incidentally, the internet servic- 
es offered for each brand change so 
rapidly that I believe that it is better 
to keep a good TV set with a good 
display and simply buy new stream- 
ing units of various kinds which are 
much cheaper and can be replaced 
often and stay up to date. 

The solution I wish to employ 
involves mixing my off-air anten- 
na signal with signals from various 
set-top boxes and an Apple TV and 
whatever else comes along to con- 
nect to services like Stan, Presto, 
Foxtel, etc. With the appropriate 
mixes and using different channel 
frequencies out of each device and 
with the appropriate amplifiers (and 
digital modulators), I can transmit 
over my coax distribution to all of 
my TV sets. This will mean I will 
only need one of each set-top unit 
forthe house which could be shared 
by all of the TV sets. Aftermarket 
remotes could be purchased fairly 
cheaply to be placed with each TV. 

The next issue is how to control 
the set-top boxes remotely. There are 
many wireless devices available but 
they are expensive and unreliable in 
big houses with lots of steel. Each 
TV set has Ethernet/internet avail- 
able. This would be necessary if one 
hoped to stream to each TV set any- 


locomotives. Have a look at this link 
on the Holcroft-Anderson Recompres- 
sion Locomotive: 
www.douglas-self.com/MUSEUM/ 
LOCOLOCO/holcroft/holcroft.htm 
and this link to Wikipedia on ad- 
vanced steam technology: 


https://en.wikipedia.org/wiki/Ad- 


way. What I seek are infrared sensors 
to receive the IR signal at each TV 
set and then transmit it over Ether- 
net and at the location where all the 
set-top boxes are, with an IR trans- 
mitter relaying the signals. 

There are a number of devices 
which offer to do this over Cat5; 
some even imply that they can be 
compatible with the normal Ether- 
net network and even go through a 
low number of switches. 

However, what they do is not 
clear. Iam looking for a device which 
will truly relay IR signals over stand- 
ard Ethernet. In many places, I am 
unable to lay Cat5 or Cat6 cable, par- 
ticularly in the lower storey with a 
slab and a second floor above it, so 
that the internet is delivered to most 
ofthe TV sets by wireless, hence the 
need for true Ethernet. 

This would be sufficient for my 
purposes, however a bonus would 
be if the units could also transmit 
HDMI including sound, ог compos- 
ite and sound signals as well. Again, 
there are many devices which han- 
dle Cat5 but not real Ethernet. 

It occurs to me that there could 
be many others who may wish to 
achieve similar things and would 
like a unit as I have suggested to 
build. I believe this could probably 
be done economically using Ardui- 
no components. Ethernet modules 
are already available, as are infrared 
sensors and transmitters. 

Stan Condy, 

via email. 

Comment: what you propose sounds 
like a good strategy but it may not 
be easy to implement, both as far as 
mixing the signals from the various 
boxes with the off-air signal is con- 
cerned and then also having the re- 
mote signals passed back to the cen- 
tral location of all the boxes. 


vanced steam technologystHolcroft _ 
and Anderson 

Referring to his previous article in 
the November 2015 issue, concern- 
ing organic electronics, on page 18 he 
makes reference to PVC. This material 
was first discovered in 1838, “re-dis- 
covered” in 1872, then formally iden- 
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tified and patented in 1913. It is inter- 
esting that one of its first early uses 
was to for “protective” outer-suits, as 
worn by conscripted foreign workers 
employed in Japan's chemical weap- 
ons arsenal in the 1930s. 

Andre Rousseau, 

Papakura, NZ. 
David Maddison comments: I have 
spent some time looking at this and 
believe the Kalina cycle is good for 
utilising low-grade heat such as in 
geothermal production or waste heat 
recovery. This is where the power sta- 
tions based on this cycle are used but 
they are very low power, such as 4MW. 

Because of its lower working tem- 
perature, it cannot reach the high tem- 
peratures of steam used in primary 
electricity production. This is why it is 
not used in large-scale power plants, 
many of which have been designed 
since the development of the Kalina 
cycle in 1984. 


Over-wind solution for 
transformer over-voltage 

Regarding the enquiry by D. L., in 
the Ask SILICON CHIP pages ofthe Janu- 
ary 2016 issue, on excessive voltage for 
SC480 amplifier, I thought I would of- 
fer a solution I have used several times 
to “adjust” toroid voltages. It simply 
involves adding turns by hand over the 
wrapped windings, usually equating 
to around 0.4V per turn. 

Then you simply add or subtract the 
“wound-on” voltage by series-wiring 
to the secondary, either in phase or out 
of phase, to add or subtract the volt- 
age. In the case of D. L, two windings 
will allow one for each half of centre 
tap, and in this case only about five or 
six turns each would do it. Just make 
sure the windings that are added are 
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GPS in-dash 
satnav limitations 

I write in response to the recent 
Mailbag discussion relating to why 
in-dash satnavs are more costly, up- 
dated much less frequently and are 
often less capable than standalone 
units. 

First, standalone units have a short 
development to production timeline; 
as little as six months. The most they 
have to worry about is getting the 
data sources' licensing signed off as 
quickly as possible. Even so, frequent 
and plentiful updates are warranted 
just on sheer numbers. 

A vehicle is a very different beast. 
Sections of the vehicle design could 
see 10 years before production. Then, 
not only is the electronics not "just" 
for satnav, but for pretty much all of 


at least the same gauge as the original 
secondary. 

Alasdair McCarter, 

Glen Huon, Tas. 


Question on 
hybrid solar system 
I am a regular reader of your maga- 
zine and your article about the Hybrid 
Solar System, in the October 2015 is- 
sue, was excellent. Good on Geoff 
Woodman for designing a great sys- 
tem and giving you the opportunity 
to feature it in SILICON CHIP magazine. 
What I would like to know is how the 
system synchronises to the grid when 
power is restored after a blackout? 
Gerard Gibbons, 
Buff Point, NSW. 
Geoff Woodman replies: the contac- 
tor solenoid is powered from the grid, 
and must be energised for the system 


the processor-mandated functions 
the car is capable of. 

As the electronics is updated to 
deal with new features the vehicle 
may have, the end user has to trust 
the satnav functionality is backward 
compatible with new data. Did the 
vehicle manufacturer cater for this? 
*Good luck with that", as the say- 
ing goes. 

And the editor is correct, in stat- 
ing on page 8 ofthe February 2016 is- 
sue, that in-dash units are prevented 
from showing speed. One could say 
this is because you're doubling func- 
tionality but the cynic in me says it 
would only show-up the sometimes 
glaringly incorrect speedo needle in- 
dication. 

John Tzerkeris, 

Croydon Park, NSW. 


to be connected to the grid. If there 
is a grid outage, the contactor drops 
out, isolating the island grid, and re- 
connection is only possible once the 
grid is restored. 


More on how a 
loudspeaker operates 

With regard to the discussion in the 
Ask SILICON CHIP pages ofthe February 
2016 issue, about how a loudspeaker 
operates, at very low frequencies the 
speaker cone displacement will in fact 
follow the instantaneous voltage as de- 
scribed. But at somewhat higher fre- 
quencies, the velocity of the cone fol- 
lows the voltage. That is to say, when 
a sinewave drive voltage reaches its 
peak, the cone is going through the 
mechanical zero crossing at maximum 
velocity, just like a pendulum at the 
lowest point of its swing. 


Adafruit FEATHER - the new standard for portable projects 


• Arduino-compatible with USB interface 
“АІ boards measure 51 x 23mm 

• On-board LiPo battery interface 
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«All boards and accessories in stock 


Local stock! * $5 delivery * Visit tronixlabs.com.au/sc 
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Mailbag: continued 


Two-foot driving 
negates the QuickBrake 

I read the article on your new 
QuickBrake project in the January 
2016 issue and am wondering if the 
idea is based on a false assumption. 

If I understand it correctly, it re- 
lies on the delay between lifting your 
right foot off the accelerator and ap- 
plying the brake with the same foot. 
This assumes that everyone uses this 
same driving technique and I am 
referring to driving a vehicle with 
automatic transmission. Some driv- 
ers, and I am one of them, use two 
feet when driving; the left to oper- 
ate the brake and the right for the 
accelerator. 

In this case, is it not possible that 
the brake is applied before the ac- 
celerator is released? We are talking 
about milliseconds here after all. 
Would QuickBrake still operate in 
these circumstances or with the same 
improvement in delay time? 

Syd Read, 

Hastings, Vic. 

Comment: some people do drive 
like that and in some cases they 
sometimes actually drive with their 
foot lightly on the brakes while they 
still have their right foot on the ac- 


The cone displacement would be 
lagging the voltage by 909. One might 
expect that this peak velocity pro- 
duces peak pressure in open air, a de- 
rivative of the velocity, so the voltage 
ends up producing a corresponding 
air pressure. I'm sure there is more to 
it than that. 

It reminds me ofa "Let's Buy An Ar- 
gument" column in Radio TV & Hob- 
bies way back, regarding what shape of 
groove would be needed on a phono- 
graph record for a magnetic cartridge 
to produce a square wave. The answer 
was a triangular wave. So too, a sine- 
wave record groove would produce 
a sinewave but phase-shifted by 90°. 

Graham Pratt, 

Hampton Park, Vic. 

Comment: you have raised an inter- 
esting point. In fact, the motion of 
the loudspeaker cone will certainly 
be modified by the complex load pre- 
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celerator. This is a generally a bad 
technique because it can lead to in- 
creased fuel use and brake pad wear, 
and it gives a misleading indication 
to a following driver. It could also 
mean that the QuickBrake would be 
largely negated; it would not work 
because the brakes are already ap- 
plied! Not that any extra harm would 
be done. 

On the other hand, if your left foot 
is not actually on the brake, it is pos- 
sible that your reaction time in lift- 
ing your right foot off the accelera- 
torand then applying the brake with 
your left foot may still be quite long. 
Without doing some controlled tests, 
itis not possible to say what improve- 
ment the QuickBrake might give in 
this situation. 

However, we suspect that the time 
to actually apply the brake (and the 
brake lights) with your left foot may 
still be quite a bit longer than the 
action of the QuickBrake. It might 
even be longer than if you drive in 
"single-footed" mode. Think about 
it: in order to approach the actua- 
tion time ofthe QuickBrake, your left 
foot would need to apply the brakes 
before you have fully lifted your foot 
off the accelerator. 


sented by the speaker to the amplifi- 
er and that includes the effects of the 
crossover network and the enclosure 
itself. And the previous discussion 
also ignores the effects of cone break- 
up, wave propagation in the cone and 
interference effects between the vari- 
ous drivers in enclosure. 

As far as the recorded waveform nec- 
essary to obtain a square signal from 
a magnetic cartridge is concerned, the 
answer is somewhat more complex 
than a “triangular wave”. It is true that 
the RIAA equalisation circuitry neces- 
sary for magnetic cartridges can be re- 
garded as a differentiator. And it is true 
that if you feed a triangular waveform 
signal into a differentiator, the output 
will be a square wave. 

In reality though, the RIAA equalisa- 
tion characteristic (with the IEC mod- 
ification) has four time constants of 
7950us (20Hz), 3180us (50Hz), 318us 


(500Hz) and 75иѕ (2122Hz). This 
means that the shape of the groove 
waveform will not only be more com- 
plex than a simple triangular wave- 
form but will also have quite a differ- 
ent shape at lower frequencies. 

These days, a simulation could eas- 
ily produce the actual waveforms. 


QuickBrake revisions 
& refinements 

The QuickBrake project featured 
in January 2016 issue is a great idea 
but its potential to reduce rear-end 
collisions is significantly reduced by 
the conditions under which it won't 
trigger. 

Here are some ideas for QuickBrake 
V3. The primary purpose of brake 
lights is to reduce the chances of a 
rear-end collision. Having the brake 
lights illuminate when the driver steps 
on the brake pedal is an incomplete 
implementation of this purpose. The 
QuickBrake improves on this simplis- 
tic idea by detecting other reasons for 
the car slowing. 

What if we step away from the ac- 
tions of the driver and decide that 
the brake lights should flash or come 
on when the following vehicle has a 
following distance of less than three 
seconds? Then even if our car isn't 
slowing at all, if another vehicle ap- 
proaches too closely from behind, the 
other driver will receive a clear warn- 
ing to slow down. 

This would require a reasonably 
sophisticated sensor to reliably de- 
tect the distance to the following car 
(up to 92 metres for a 3-second gap at 
110km/h). In particular, cars travel- 
ling in other lanes would have to be 
ignored. It may also not be legal or 
desirable to use the brake lights this 
way, since they might tend to flash a 
lot and lose their impact. 

In this case, I suggest that the Quick- 
Brake could provide signalling ad- 
ditional to the existing brake lights. 
Something like a large scrolling LED 
sign mounted in the rear window that 
can display messages like, "Thank you 
for keeping your distance" and “Сав 
cylinders on board. Please increase 
your following distance to at least 
three seconds" (the latter message is 
a little tongue-in-cheek, but it might 
make an aggressive driver back off out 
of self-interest). 
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Standing power measurements for 
air-conditioning seem very high 

I refer to a letter in the Mailbox 
pages of the February 2016 edition, 
page 10, from Rodney Champness, 
regarding split system air-con units 
in standby mode. The measurements 
quoted seem unbelievable for a mod- 
ern-day appliance; hundreds of dol- 
lars per year in consumption whilst 
not operating! 

I take it that the air-conditioner 

| unit was just ready to run on press- 
ing the "Start" button on the remote 

| hand-set, and the air-conditioner's 
modern innovation of a variable 
speed and capacity compressor, was 
not already up and running, quietly, 
in the background? 

I connected my “Watts Clever" 
meter in circuit with my recently- 
installed Fujitsu split air-con sys- 
tem, of the same 7100 watts cooling 
capacity mentioned in the contrib- 
utor's letter, with the system previ- 
ously switched off using the remote 
hand-set “Stop” button. The read- 


If the QuickBrake detects that the 
following vehicle is less than three 
seconds away, a warning could also 
be displayed to us to enable evasive 
action to be taken, including pulling 
over to allow the tailgater to pass, or 
at least increasing our own following 
distance. 

If we have gone to the trouble of 
designing this thing to detect the car 
behind, it should then be a straight- 
forward matter to apply it to the car 
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ing was typically around 7-9W. Last 
summer, when I completed the in- 
stallation, that reading was 8W on 
a 35°C day! 

By the way, I’ve found the Jaycar 
“Watts Clever” inexpensive digital 
power meter to be acceptably accu- 
rate, when compared to nameplate 
values on various appliances and 
taking into consideration that my 
mains voltage is a bit on the high 
side, ie, around 252VAC at low de- 
mand times, or with all those PV 
panels around. 

Robert Sebire, 

Emerald, Vic. 


in front, to give the driver a warning 
if our following distance is too small. 
In this case, the minimum following 
distance could be the greater of three 
seconds and six seconds, minus the 
following distance of the car behind 
us, to minimise our risk of becoming 
the meat in a metal sandwich. 
Andrew Partridge, 
Ermington, NSW. 
Comment: we like your concept for 
QuickBrake V3 but that would require 


a considerably more complex design 
involving a LIDAR or radar sensor to 
compute the distance to the following 
vehicle, a GPS module or other means 
of measuring speed and so on. Wheth- 
ersuch a system would work on curves 
is problematic as the rear-facing sen- 
sor is unlikely to be steerable. 


Unsteady hands make 
SMDs difficult to solder 

I wonder if you can offer any as- 
sistance for older people where their 
hands have an unfortunate tendency 
to shake when performing fine tasks, 
although they may be quite steady un- 
der most conditions? Whilst this lack 
of steadiness sometimes shows itself 
during some of my finer electronics 
construction, I have accumulated an 
assortment of clamps, vices, brackets 
and the like with which to accomplish 
assembly. 

In my working lifetime I have gone 
from computers using relays and 
Boolean logic to microprocessors so I 
recognise the inevitable march of pro- 
gress and generally applaud it. How- 
ever, in contemplating the move from 
through-hole to surface-mount tech- 
niques, І am concerned about solder- 
ing even the simple passive devices, 
let alone multi-pin ICs. I should not 
like to abandon my electronics hobby 
so I need to find some way to move to 
the next generation of the technology. 

I have read the articles published 
in your magazine regarding surface- 
mount soldering techniques, stereo 
microscopes and the like but I could 
find little reference to component 
holding techniques and other aids for 
people with unsteady hands. 

Therefore my question is: are there 
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such aids to assembly which can assist people with the 
transition to surface-mount technology and can you sug- 
gest where I might find them? 

Barrie Davis, 

Hope Valley, SA. 
Comment: this is a widespread problem and not confined 
to older people. If other readers have worked out solutions, 
we would love to know about them. 


More on 
balanced cables 

In the Ask SILICON CHIP pages of the February 2016 is- 
sue there is a letter from P. J. about an earth hum problem 
with his laptop and a venue's PA system/amplifier. This 
is a problem I have encountered many times in church 
set-ups with laptops, PCs and VCRs & DVD players, etc. 

Basically, anything not designed for the pro audio desk 
with a 230VAC supply may cause earth noises and hum. 
With respect to P. J., I think he may be trying to over-think 
the issues. While a good DI box will almost always solve 
the problem, most laptops and many hall type PA systems 
do not have balanced inputs or outputs. Going to optical 
isolation is way too complicated. 

My recommendation to P. J. would be to search for "Au- 
dio Isolator" on eBay and he will find a range of cheap 
isolating units complete with plugs and cables for his 
laptop. This one is less than $10: www.ebay.com.au/itm/ 
Car-Accessory-3-5mm-AUX-Audio-Ground-Loop-Isola- 
tor-Noise-Filter-Killer-Pop-/231540622385 

While I have not bought this one, we have several sim- 


ilar ones in our church set-up and they all work well! 

I would also carry a range of plugs and adapters for 
balanced and unbalanced and a DI box but just the eBay 
isolator above and a 3.5-6.35mm adapter will solve most 
problems on over 90% of the systems I have seen. 

Russell Martyn, 

Adelaide, SA. 


Biasing a class-A or 
any valve amplifier 

I’m sure you will have received a number of remarks 
about J. C. from point Cook Vic, who asked a question 
in the January 2016 issue about biasing a class-A tube 
audio amplifier. He wanted to do cathode bias with an 
electronic control, not a variable resistor. A current sink 
was suggested by SILICON CHIP but this is not a good idea. 

Let's look at some issues. One advantage of using a resis- 
tor for cathode bias is that it results in negative feedback, 
both AC and DC. From the DC perspective, this tends to 
stabilise the average cathode current for different tube 
specimens to a more similar value. 

However, to maintain the stage gain, it is usually nec- 
essary to bypass the resistor with an electrolytic capaci- 
tor, typically 22uF to 47pF, to eliminate the AC compo- 
nent of the negative feedback, or degeneration, caused by 
the cathode resistor. On the down-side, the DC voltage 
or “bias voltage" developed across the resistor subtracts 
from the available HT voltage which reduces the maxi- 
mum power output. 

If a current sink was placed in the tube's cathode, as 
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suggested by SILICON CHIP, the tube’s amplification would 
drop to nearly zero, because a current sink or source has 
a very high impedance to AC and any changes in plate 
current for any grid drive voltage would be eliminated. 
So if that was used, to get any amplification, the current 
sink would have to be bypassed, just like a cathode resis- 
tor, with an electrolytic capacitor. 

What is needed is a “voltage source” which has a low 
internal resistance to AC. But it is actually illogical to 
place it in the cathode circuit anyway because it is then 
in series with the tube’s load and subtracting from the 
available HT voltage. J. C.’s intuition was correct as he 
was worrying about the cathode circuit being in series 
with the output transformer. 

The tube bias is set by the grid-to-cathode potential. 
So it is much better to add the required voltage source 
in series with the tube’s grid to ground return resistor 
in the ground end, as a negative voltage. This is called 
“fixed bias”. The advantages are many. The tube’s cath- 
ode can be grounded (making better use of the available 
HT voltage), it eliminates any heat dissipation from the 
cathode resistor and the bias supply need not be able to 
supply significant current as the tube’s grid current is 
usually negligible. 

In vintage battery radios and amplifiers, for example, 
bias batteries were used to supply negative grid biases as 
every HT volt came at a premium due to the cost of bat- 
teries. The bias batteries lasted for their shelf life. 

There are many other ways to get this negative volt- 
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Mailbag: continued 


Solar systems need 
more panels 

I found Steve's Lansell's letter in 
the Mailbag pages ofthe January 2016 
issue to be spot-on. I have worked 
through similar issues myself. My 
initial solar system consisted of a 
5kW inverter “matched” with 5kW of 
solar panels and this was increased 
two years ago to 7.5kW. Monitoring 
of my ROI (return on investment) 
showed an improvement of 3396 for 
the 5096 solar panel increase. 

І сап monitor my installation at: 


http://pvoutput.org/intraday. 
jsp?id=30164&sid=27624 

When solar power exceeds in- 
verter power, the MPPTs (maximum 
power point trackers) in the inverter 
raise the working voltage of the ar- 
ray until it reaches the roll-off point, 
the efficiency of the array is reduced, 
and the array produces less power. 

Inverter temperature on hot sunny 
days has been reduced by the addi- 
tion of 24V fans controlled by a 45°C 
Jaycar thermostat. 

A Raspberry Pi has been used with 
a program called SBFSpot for the 
last two years to access my invert- 
er, and upload the data to the above 
website. A “Clever Watts" EW4008, 
connected to another Raspberry Pi, 
was hooked up three months ago to 
capture my household consump- 
tion and upload it as well. The ac- 
curacy of the EW4008 was poor and 
it was replaced with a $40 Eastron 
SDM220-modbus electricity meter 
to give very accurate data. 


age. One is to place a resistor (R) in 
the ground return of the amplifier’s 
HT supply, where the average HT cur- 
rent is I, so that the IR voltage drop 
is available as a negative bias. It can 
be filtered and a control added. Or it 
could be made available from one of 
the power transformer’s windings with 
additional rectifiers. 

Another simple way, if 12V DC is 
present, is to wire up any conveni- 
ent IC as an oscillator, like a 555, run- 
ning above the audio spectrum, say 
at 30kHz, and put a diode-capacitor 
voltage multiplier on that using 1pF 
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A web server on the Pi allows me 
access to live data on the SDM220 
from any internet connected device. 
A screen dump is below: 


<- В lonsdale.poc £5 51 


Lonsdale Live Power Readings 
Use REFRESH to update 


*** 2016/01/10/ 10:00:49 * * * 


248.98 Volts 
Amps 
Watts 
VoltAmps 


266.33 Var 


Volts - 
Amps - 


Active Power - 


4.39 
1061.19 


Apparent Power - 1092.35 


Reactive Power - 


Power Factor - 0.97 


Frequency - 49.96 Hz 


Active Energy - 1628.45 KwHrs 


Solar Inv. Pwr - 4538.0 Watts 


The PVOutput website is designed 
primarily for grid-connected sys- 
tems but it is still very useful for 
off-grid sites. My daughter, son-in- 
law, and their children live off-grid 
and rely on solar, wind and diesel 
for their power. I have set up a Rasp- 
bery Pi at their location, equipped 
with an ADC shield from ABElec- 
tronics in England. Their system is 
basically 12V, with 12V-to-230VAC 
inverters. The ADC on the RPi gets 
its "current" inputs from three 150A 
Allegro ACS758s. 

PVOutput allows extended data 
points to be used for a small dona- 
tion. This allows for the generation 


capacitors and 1N4148 diodes. Or 
just buy a pre-made DC:DC converter 
module (they would need additional 
output filtering as they are often good 
noise sources). 

In any event, fixed bias is the su- 
perior way to go but unlike resistor- 
cathode bias it does sometimes require 
individual adjustments for individual 
tubes and needs to be tweaked for tube 
ageing. But in many cases, adjustments 
are not needed at all once it is set for 
a specific tube type. 

Perhaps I should also mention that 
some tube amplifier designers have a 


to be split into solar and wind. At 
present, diesel charging is combined 
with the wind. 

PVOutput has rules that ensure 
"generation" power figures are not 
higher than the system size. There 
is no option in PVOutput to add the 
wind component to the system size, 
so the solar size had to be doubled 
to ensure that the total generation 
figures would not be rejected. 

Again, a web server on this remote 
RPi is very useful. Below is a screen 
dump from my phone: 


wondecla.ddns.1 £7 $s LER > | 


Wondecla Live Power Readings 
Use REFRESH to update 


*** 2016/01/10 14:17:20 * * * 


Input Function V. Read Calc E/I Watts 


1 Batt Volts 0.13019 13.02 


2 Load Amps 2.06606 29.2 380.0 


3 Solar Amps 1.21249 90.5 1177.6 


4 Wind Amps 1.30500 85.1 1107.5 

This remote RPi also sends my 
son-in-law (and me) an email every 
morning with a summary of the last 
six days of data. This is very useful 
to get an idea on how the batteries 
are holding up, without having to log 
onto PVOutput. 

I have glossed over the many, 
many hours spent writing Python 
scripts to do all the things mentioned 
above. My Python programming abil- 
ity is basic at best and my scripts are 
messy but they work. 

Sid Lonsdale, 

Cairns, Qld. 


fondness for using a cathode resistor 
un-bypassed (no capacitor across the 
cathode resistor in class-A tube output 
stages); the degeneration and negative 
feedback lowers the distortion and of 
course, the gain. Also some push-pull 
stages use cathode signal coupling so 
they cannot have a bypass. 

There is one application with tubes 
though where it is folly not to use a 
cathode-bypass electrolytic capaci- 
tor. That is for a tube in the front end 
of an amplifier (high gain), typically 
with a magnetic cartridge phono in- 
put, for example, like an EF86, 5879 
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or EF37A where the heater is run from 
the usual 6.3VAC. 

In this case, small amounts of heater 
cathode leakage in the tube can cause 
significant audible hum and the cath- 
ode bypass capacitor is always needed 
for that reason. A lot of modern tube 
amplifier makers run the heaters from 
DC, so it's not a worry in that case. 

Hugo Holden, 

Maroochydore, Qld. 


Light curtain 
clarification 

I have received my copy of the De- 
cember 2015 issue which features my 
circuit for a Light Curtain to prevent 
garage door damage, on pages 88 & 
89. Unfortunately, the description of 
the Light Curtain is incorrect and this 
mistake will make it hard for readers 
to understand its operation. 

The mistake involves the opera- 
tion of the IR receivers. At no time do 


their outputs go low and stay low. The 
output is a 1kHz square-wave when 
there is no obstacle in the way of the 
infrared beam and it goes high and 
stays high if the beam is broken. The 
detectors feed Q1 and it is its output 
that goes low and stays low when the 
beam is broken. 

Alan Chamberlain, 

Charlestown, NSW. 


Practical solution to 
blown headlights 

On page 94 of the January 2016 is- 
sue, there is a request for an over- 
voltage protector to prevent car head 
lights from blowing frequently. This 
reminds me of a nephew's car with 
a similar problem, which was due to 
poor connection between the H4 globe 
and the socket, causing over-heating 
of the filament. 

The problem was solved by tighten- 
ing up the spring connectors or replac- 
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ing the socket on the wiring loom and 
resoldering wires. 

John Murphy, 

Glen Waverley, Vic. 


Comment on 
Speech Timer project 

Like your author, I too have seen 
some "interesting" timers used in con- 
tests, with some ofthe mains-powered 
ones verging on the illegal! 

However, if I was the chief judge ina 
contest where the SILICON CHIP Speech 
Timer was being used, I would insist 
that the display not be visible to the 
audience, as it would be too easy for 
a member to communicate (whether 
knowingly or not) the elapsed time 
to the contestant. The actual speech 
time is confidential to just a few of- 
ficials and Toastmasters International 
can be quite strict at times. 

Dave Horsfall, 

North Gosford, NSW. 56 
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“Мо, nena ot going. 
be able to under di 


"3 [| understand it. Nobody does. 
The theory of qua l 
electrodynamics des 
Nature as absurd fron | the 
point of view o ; 
sense. And it | 


Quantum computers are based on a different type of architecture to 
conventional computers and can solve problems using the strange 
properties of quantum mechanics such as superposition and 


By Dr Фелба Maddison 


entanglement. 


powerful and can be used to solve extremely compli- 

cated problems such as in fluid dynamics. But the ar- 
chitecture of conventional computers is unsuited for cer- 
tain classes of problems. 

Solving those problems would take impractically long 
periods of time or be altogether impossible. 

Examples of problems that quantum computers could 
or should be good at solving include simulation of quan- 
tum mechanical systems. For example, it may be possible 
to accurately simulate interactions that occur in a particle 
accelerator such as the large Hadron Collider. Chemical re- 


I recent times computers have become enormously 
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actions could also be simulated including extremely com- 
plex ones like photosynthesis. 

New drugs could also be developed more quickly because 
large numbers of configurations of drug molecules could 
be evaluated quickly and the ones most likely to work se- 
lected for further testing. 

They could be used for breaking of certain types of en- 
cryption codes (with Shor's algorithm, for example) or 
searching very large unsorted databases (with Grover's algo- 
rithm). A classic example given is searching a phone book 
for a certain phone number when the name is not known. 
If a book had one million numbers it could be searched in 
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one thousand steps with a quantum computer instead of 
on average one half million steps as with a conventional 
computer and a naive search method! 

Weather forecasting and climate models are other pos- 
sible uses. There are huge numbers of ways that different 
parts of a weather or climate system can interact. A quan- 
tum computer could analyse all possibilities at once and 
find the optimal answer. 

Travel routes and schedules could be quickly optimised. 
For example, for the classic "travelling salesman problem" 
the order of which cities to visit in order to minimise the 
distance travelled and not to visit any city twice could be 
quickly evaluated. A commercial quantum computer, the 
D-Wave Vesuvius solved such a problem in less than half 
a second compared with a conventional computer which 
took 30 minutes. 

Other possible uses include machine learning, pattern 
recognition, image classification and analysis, optimisa- 
tion problems, quantum communication for guaranteed 
privacy and quantum teleportation where information is 
transferred from one quantum system to another with no 
wires, radio or light transmission. 

Note that quantum computers are unlikely to replace the 
computers we use now but will coexist with them and be 
used only for the types of problem they are best at solving. 


Quantum mechanics 


Before discussing how a quantum computer works it is 
first necessary to discuss some basic principles of quan- 
tum mechanics. Quantum mechanics is a branch of physics 
that describes the behaviour of the very small objects such 
as atoms, sub-atomic particles and photons and is distinct 
from traditional classical mechanics that describes the be- 
haviour of larger scale objects. 

In classical mechanics, objects exist in a specific and 
definite place and time, something we are all used to. But 
in quantum mechanics, particles exist in a "cloud of prob- 
ability" so that the location of a particle is described by a 
probability distribution. 

In addition, in quantum mechanics, particles are re- 
stricted to certain particular values of properties such as 
how much energy they have or a property known as spin 


The probability distribution 
of an electron in a particular 
orbital of an atom. The darker 
the *cloud", the higher the 
probability of finding the 
electron. It does not have an 
orbit analogous to a 

planet orbiting the sun 

as in the traditional 
simplistic view that 
many people are 
familiar with 
although electrons 
will have the 
highest prob- 
ability of being 

at certain energy 
levels. For a further 
explanation of energy levels 
in atoms see SILICON CHIP, 
November 2015, page 17. 
(Image credit: RJ Hall) 
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How safe is encryption against attack by 
a Quantum Computer? 


It has been claimed that quantum computers will be able to break 
certain types of cryptography by their ability to factor large num- 
bers which are the basis of certain types of encryption schemes. 

Schemes claimed to be at risk include those based on sym- 
metric key algorithms (block cyphers) and asymmetric public key 
algorithms (RSA, DSA, ECC). 

Acknowledging the risk, the US National Security Agency has 
already announced it will be moving toward using encryption 
schemes which are resistant to attack by quantum computers. 

It should be noted that for the foreseeable future, there are 
no conceivable realistic quantum computers that are able to 
come close to factoring the numbers required to break the above 
schemes (when the key length is long enough) so they should be 
safe for a long time. 

For example, using Grover's algorithm to factor a large number 
would enable the calculation to be done in the square root of the 
time taken by a classical computer (say 10 days instead of 100 
days) but the security of the encryption could be maintained if the 
key length were doubled which is relatively easy to do. 


where a particle must be either *up" or *down", much like 
the north or south on a compass. 

The values ofthe properties of particles are regulated like 
the clicks on a dial and are said to be quantised. Another 
main property of quantum mechanics is that elementary 
particles sometimes act like waves and at other times like 
particles, so-called *wave-particle" duality. 

There is also the uncertainty principle which states that 
for a given particle we cannot measure with precision its 
properties of both position and its momentum. The more 
accurately one value is known, the less accurately the other 
is known. In fact, accurately knowing these two properties 
together is a meaningless concept in nature. 

Any attempt at measurement of one property will alter 
the other property of the particle so it is impossible to ever 
know both values. Incidentally, this uncertainty also ap- 
plies to macroscopic objects but is so small as to be of no 
consequence, eg, the uncertainty of position of a thrown 
cricket ball would be around 10??mm. 

Superposition is the condition whereby a particle can be 
in a combination of two or more quantum states simulta- 
neously. For example, rather than having a spin of “up” or 
"down", an electron can be (3/5) up or (4/5) down. In this 
case, the RMS sum of the coefficients must remain as one. 

If up and down corresponded to the binary numbers zero 
and one we would say (simplistically) that it partially had 
the values of zero and one at the same time. Any attempt to 
read or measure the value of the particle, however, causes 
its quantum state to collapse or de-cohere into one of the 
values it possesses such as a "one" and superposition is 
lost. This phenomenon is known as quantum decoherence. 

While superposition is a characteristic of one-particle 
systems, a property that pairs or groups of particles can 
have is entanglement. In this case the quantum state of 
the pair or group is described collectively as it is shared 
and it is not possible to describe the state of an individual 
particle independently. 

Consider a pair of entangled particles which are known 
to have a total spin of zero. These entangled particles are 


MARCH 2016 15 


SOME SIGNIFICANT DEVELOPMENTS IN THE HISTORY OF QUANTUM COMPUTING 


There are far too many developments relevant to quantum computers to list them all here, so only a selection is given. 


1975 RP Poplavskii showed the impossibility of simulating quantum systems on classic computers due to superposition. 


1976 Roman Stanistaw Ingarden published work on quantum information theory. 


1980 Yuri Manin proposed the idea of a quantum computer in his work “The computable and the non-computable" (in Russian). 


1981 Richard Feynman said in a talk that it seemed impossible to simulate quantum systems on classical computers and proposed a basic theoretical model 
for a quantum computer. For those interested they can read a transcript of this talk at A "chri 


1982 Paul Benioff proposed a comprehensive theoretical model for a quantum computer. 


1985 David Deutsch described a theoretical model of universal quantum computer that can be used to model other quantum computers and the algorithms 
they use. 


1991 Artur Ekert invents secure communication based on quantum entanglement. 


1993 Рап Simon invents a problem that would be exponentially faster for a quantum computer to solve than a classical one. 


1994 Peter Shor, incorporating Dan Simon's ideas from above, discovers a method to factor large integers quickly. The factoring of large integers is the basis 
of many modern cryptography systems such as credit card transactions and this algorithm could theoretically break many such systems. This lead to a 
tremendous interest in quantum computation. 


Peter Shor and Andrew Steane propose a method for quantum error correction. Also Christopher Monroe and David Wineland experimentally produce 
the first quantum logic gate based on a trapped atom. 


Lov Grover invents a quantum algorithm to search databases that is much faster than would be achievable on classic computers. David P. DiVincenzo 
published a list of the physical requirements for a quantum computer. 


First demonstration of a quantum algorithm run on a two qubit quantum computer. First three qubit quantum computer invented. Grover's algorithm 
(1996) run on quantum computer. 


First five qubit and then seven qubit quantum computer and also partial execution of Shor's algorithm (1995). 


Full execution of Shor's algorithm (1995) to factor the number 15. 


Quantum Computation Roadmap developed to facilitate the future development of quantum computation. The document is constantly updated. 
See http; 


The US Defense Advanced Research Projects Agency (DARPA) implements a quantum network using optical fibres to transmit information securely 
using entangled photons. Any attempt to improperly intercept the data will result in a loss of entanglement of the photons and an inability to read the 
data. Also the University of Queensland demonstrate quantum NOT gates. 


First quantum byte created, known as a qubyte. 


First 12 qubit quantum computer. 


Commercial company D-Wave Systems announce working 28 qubit quantum computer. 


Qubits based on graphene quantum dots. D-Wave Systems announce working 128 qubit quantum computer chip. 


2009  Qubits with lifetimes of hundreds of milliseconds. Google and D-Wave Systems collaborate in the area of using quantum computation for image searches. 


Single electron qubit demonstrated. 


D-Wave produces first commercial quantum computer. Error correction in quantum processor developed. Decoherence minimised using high magnetic 
fields. Record low error rates are achieved for a quantum computer. An error rate of one in 10,000 logic operations was considered a benchmark target 
but a rate of one in 50,000 was achieved. A group at the University of New South Wales and the University of Tokyo achieve a breakthough in quantum 
teleportation, successfully transmitting quantum information without error or affecting the superpositions of qubits. 


2012 D-Wave produced quantum computer with 84 qubits. Single atom transistor developed. 1QB Information Technologies founded, the world's first company 
to write quantum computer software. See www.1ghit.com/ Decoherence was kept suppressed for 2 seconds. A group at the University of New South 
Wales develop the first qubit based on a single atom of silicon which would enable quantum computers to be built in silicon like conventional computers 
with similar fabrication technology. 


Three billion qubits were held in a state of superposition for 39 minutes, exceeding the previous record of 2 seconds (2012). 


2014  Leaked documents show that the US National Security Agency is interested in quantum computing for cryptography purposes. Quantum teleportation 
demonstrated over 3 metres. This is necessary for a quantum-based Internet to make it secure and fast. The largest number ever factored on a quantum 
computer was achieved, 56,153 exceeding the previous record of 143. University of New South Wales researchers embedded qubits in silicon to protect 
them and give them longer decoherence times. 


D-Wave Systems announce a 1,000 qubit system. University of New South Wales researchers build the world's first quantum logic gate in silicon. 
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The Titan supercomputer at the Oak Ridge National Laboratory, Tennessee, USA is the most powerful classical computer 


in the Western world and the most powerful supercomputer that is freely accessible. It uses 18,688 AMD Opteron 6274 
16-core CPUs and the same number of Nvidia Tesla K20X GPUs or graphics processing units. It has a benchmark of 17.59 
petaFLOPs (where peta is 1015 or 1,000,000,000,000,000 and а FLOP is one floating point operation per second). The 
computer runs the Cray Linux Environment and it consumes 8.2MW. There is a more powerful Tianhe-2 supercomputer 
in China; however it uses US-made CPUS, is not freely accessible and has been criticised for its difficulty of use. Quantum 
computers will not replace computers such as these but will supplement them. 


ina state of superposition. If a measurement is made (thus 
destroying superposition) on one particle and it is found 
to have an up spin, for example, the other particle will 
automatically acquire a down spin as the total spin ofthe 
pair must be zero (an up spin plus a down spin). 

The particle that is not measured changes its quantum 
state as if to "know" a measurement has been made on 
its partner. This happens no matter by what distance the 
particles are separated and would happen even if the par- 
ticles were at opposite ends of the universe. 

Furthermore, the change is instantaneous, not propa- 
gated at the speed of light as might be expected. The infor- 
mation travels at an infinite speed, although it cannot be 
used for faster-than-light communication. Einstein called 
this phenomenon "spooky action at a distance" and felt 
it meant that the description of reality by quantum me- 
chanics was incomplete. 


Bits and Qubits 


The basic unit of information in a conventional com- 
puter is the bit which can have a value of either zero or 
one. It is typically physically implemented by the use of 
a transistor which is in either an "off" or an "on" state 
representing either zero or one or a capacitor which is 
either charged or discharged. For 2015 the commercial 
CPU with the largest number of transistors, 5.5 billion, 
was Intel's 18-core Xeon Haswell-EP. 

A qubit is the quantum equivalent of a bit which when 
read (measured) will result in an answer equivalent to 0 


Bloch sphere diagram 
representing a qubit. 
x, y and z represent 
the axes of the 
sphere, the north 
and south poles 
represent the 
basis states and 
the y represents 
the superposition 
of 10> and | 1». 
Ф and 0 represent 
angles. Image credit: NOU 
Glosser.ca [CC BY-SA 3.0] ^ 
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or 1. Due to the principle of quantum superposition as ex- 
plained above, the qubit can have a combination of these 
values at the same time whereas a conventional bit must 
be either zero or one but not both at any given time. 

A qubit can be physically represented by the states of 
various quantum particles such as the spin of electrons 
(which are either up or down) or other quantum-dominat- 
ed systems (see below). 

A qubit is regarded as the superposition oftwo basis states 
which are denoted mathematically as | 0» and | 1» (spoken 
as ket 0 or ket 1) and are equivalent to 0 or 1 in classical 
computing. While an ordinary bit in classical computing 
can be represented in a diagram by either a simple 0 or 1 
a qubit is a bit more complicated and is represented by a 
Bloch Sphere as shown. 

On the Bloch spere, the “north” and “south” poles repre- 
sent the basis states of | 0» and | 1» which physically might 


Simulating a Quantum Computer 
' without yet having one! 

There are а lot of problems to solve with quantum computers | 
but algorithms and computer code still need to be developed to | 
solve these problems. 

Microsoft have developed a software simulation tool called | 
LIQUi> or Language-Integrated Quantum Operations (the sym- | 
bols at the end a notation used in quantum computing) that | 
transforms a higher level computer language such as F# that is | 
coded to represent a quantum operation into one specific to low | 
level operations in quantum computers. | 

It allows researchers to write and develop quantum code on | 
conventional computers in the absence of access to full scale | 
quantum computers that Microsoft judges to be 10-20 years | 
í away, notwithstanding the developments described here. If you | 
“аге interested in looking at this it can be downloaded free from | 
| https://github.com/msr-quarc/liquid | 
| That version allows for the simulation of up to 23 qubits. | 
! Among specific algorithms that can be simulated and which are | 
| included as examples are: simple quantum teleportation, Shor's | 
factoring algorithm, quantum chemistry, computing the ground | 
© state energy of a molecule, quantum error correction, quantum | 

associative memory and quantum linear algebra. | 
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represent spin up or spin down states. The superposition 
of these states — the qubit - is represented by some point 
anywhere on the sphere. 

When the state of a qubit is measured there is a loss of 
superposition and thus the system can no longer be in 
two states simultaneously due to quantum decoherence. 
The result is 10» or | 1», equivalent to 0 or 1 in classical 
computing. 

When multiple qubits exists in a system they can possess 
the property of entanglement, mentioned above. This means 
that, for example, a pair of entangled qubits will maintain 
a relationship with each other so if one is measured (thus 
causing quantum decoherence) and found to have a spin 
up state, the other will automatically have a down spin. 

Entanglement is one method by which multiple qubits 
can be made to “work together" and thus solve more com- 
plex problems. 


Information representation in bits and qubits 


Consider the information that can be represented in a 
2-bit system. Two bits can be represented as either 00, 10, 
01 or 11. Two bits can therefore represent only one of four 
different values and to use all four values in some given 
computation the computer would have to execute at least 
four cycles so that each value could be loaded and then 
used in a calculation. 

On the other hand, a 2-qubit quantum computer can 
contain and utilise for a calculation all those four values 
(above) simultaneously so only one computer cycle is nec- 
essary to operate on all four items of data. 

In other words, two bits contain information about only 
one value and two qubits contain information about four 
values. In fact, quantum computers scale the information 
that can be contained in the qubits exponentially accord- 
ing to 2" where n is the number of qubits. 

A 4-qubit computer could, for example, simultaneously 
hold sixteen values (24), ie, 0000, 0001, 0010, 0011, 0100, 
0101, 0110, 0111, 1000, 1001, 1010, 1011, 1100, 1101,1110 
and 1111. In contrast, a conventional 4-bit computer could 
store only one of those sixteen values and would have to 
repeat an operation 16 times to do the same computation 


Anyone who has learned to program has probably started 
with a simple program such as the classic one that prints "Hello 
world". What would a very simple program on a quantum com- 
puter look like? 

No one yet knows how quantum computers and their program- 
ming languages will evolve but it might look like the following. 

Consider a quantum computer language with just four instruc- 
tions N (create qubit), E (entangle qubit), M (measure qubit) and 
X (execute operation). This program creates an ancilla, a special 
bit used for quantum error correction, entangles it with the input 
qubit, measures the input qubit and conditionally performs an op- 
eration on the ancilla. 

After the operation, qubit 2 contains the state of qubit 1 after 
a Hadamard transformation has been performed. A Hadarmard 
transformation is a one qubit rotation whereby two qubit states 
are mapped onto two superposition states with the same compu- 
tational state as the original qubits (more generally it is a class of 
Fourier transforms). 

Vote that this is very low level programming, equivalent to as- 


What would program code for a Quantum Computer look like? 


SQUID as used for the 
qubit in the D-Wave | 
quantum computer. The ` 
horizontal arrows 
represent the possible 
directions of current 
and the vertical arrows 
represent the two 
possible spin states, up 
or down corresponding 
to zero or one. 


as the quantum computer could do just once. 

A multiprocessor classical computer increases its power 
directly in proportion to the number of processors it pos- 
sesses. The ability for data representation to scale expo- 
nentially in a quantum computer compared to a classical 
computer and subsequent processing of that data is a key 
to its theoretical power, providing that can be implement- 
ed in a practical manner. In other words a quantum com- 
puter is not simply the same as a classical parallel pro- 
cessing computer. 


What can be used as a qubit? 

Almost any system that displays quantum mechanical 
phenomena can be used as the basis of a qubit as long it is 
capable of possessing two different quantum mechanical 
states, such as spin up or spin down. 

Any real quantum computer might have a combination 
of different two state systems just as a classical computer 
uses the state of a transistor in a CPU, capacitors in RAM, 
the pit or absence thereof in optical media such as a DVD 
or the state of a magnetic domain on a hard disk. 

Systems proposed include but are not limited to: 
electrons (spin up or down), light (amplitude or phase 
"squeezed"), Josephson junction and SQUIDs (direction 
of current), photon (vertically or horizontally polarised), 
atomic nucleus (spin up or down), optical lattice (spin up or 
down), quantum dot (spin up or down), graphene quantum 
dot (spin up or down), trapped ion (state of ions), nuclear 
magnetic resonance of liquid molecules (nuclear spin state) 
and diamonds (nuclear spin of atomic vacancies). Note: 


sembly language in a conventional computer and coding would not 
normally be done at such a low level — much higher level program- 
ming languages would be used. 


N2  fcreatea new quantum bit and identify it as ‘2’ 


E12 #entangle qubits ‘1’ and ‘2’, qubit 1 already exists 
and is considered input 


M10 # measure qubit ‘1’ with an angle of zero 
(angle can be anything in [0,2pi] 
# qubit ‘1’ is destroyed and the result is either 
True or False 
# operations beyond this point can be dependent 
on the signal of ‘1’ 


X21 fifthe signal of qubit ‘1’ is True, execute the 


Pauli-X operation on qubit ‘2’ 


Reference: http://cstheory.stackexchange.com/questions/9381/ 
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This graph shows “Rose’s Law" demonstrating the steady increase in the number of qubits in the D-Wave quantum 
computer which is analogous to Moore's Law with the number of transistors in a classical computer, 


SQUID is a superconducting quantum interference device. 

Note that a qubit does not have to be physically small, 
although that is desirable so many qubits can be placed 
on one chip. 


Basic elements of a quantum computer 


A practical quantum computer must have certain basic 
requirements (DiVincenzo's criteria) some of which also 
differ from a conventional computer as explained below. 
1) It must be scalable to enable a reasonable number of qu- 

bits just as a conventional computer must have a reason- 

able number of bits for efficient operation. 

2) The qubits must be able to be set to a common initial 
state such as all zeros, just as are the bits in a conven- 
tional computer. 

3) The state of the computer must be controllable using 
universal gates such as quantum logic gates. They are 
analogous to the logic gates in conventional digital com- 
puter circuits (but unlike in a conventional computer 
they are reversible). 

4) To enable logic operations to be performed by the logic 
gates the decoherence times of the qubits must be long 
enough for the gate operation to complete. Decoherence 
can be suppressed by error correction techniques and 
fault tolerant computation. The logic state of a conven- 
tional digital circuit will remain indefinitely but qubits 
are inherently unstable and will eventually revert to an 
alternative state. A stability time of somewhere between 
nanoseconds and seconds is required. 

5) There has to be a means to read the quantum state of the 
processor. In quantum mechanics, the very act of taking 
a reading or measurement will alter the state of the sys- 
tem. Conventional digital circuits can be read without 
altering the state of the system. 
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Quantum decoherence 


As mentioned above, quantum decoherence can happen 
due to making a measurement or reading but it can also 
happen for unwanted reasons and this represents one of 
the greatest challenges of quantum computing. 

A quantum system can decohere due to thermal vibra- 
tions in the atomic lattice (ifa crystal-based system is used) 
or other subatomic or macro scale phenomena. One par- 
tial solution is to cool the quantum processor to extremely 
low temperatures in order to reduce thermal vibrations. 


INTO MODEL RAILWAYS 
IN A BIG WAY? 


With lots of points, multiple tracks, reversing loops, multiple 
/ocos/trains, — in other words, your model trains are more a 
passion than just a hobby? Then you might be interested in 
these specialised model train projects from March 2013 


Automatic Points Controller 
Supplied with two infrared sensor boards) 
PCB 09103131/2 4 ———— a $13.5 


Frog Relay Board (09103133)............ $4.50 


Capacitor Discharge for Twin-Coil Points 
Motors (PCB 09203131).................. $9.00 


See article previews at www.siliconchip.com.all 


ORDER NOW AT 
www.siliconchip.com.au/shop 
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processor. 


(Right): D-Wave processor package mounted on dilution 
refrigerator to keep it at a temperature close to absolute 


zero. 


Temperatures as low as 20mK or 
twenty thousandths of a degree above 
absolute zero are required. This corre- 
sponds to -273.15? Celsius and is much 
colder than anywhere in the universe, 
which doesn't get much colder than 
about 3? above absolute zero. 

Cooling won't necessarily remove 
all instances of decoherence and it is 
necessary to use quantum error cor- 
rection to detect and reduce errors 
however this comes at the cost of the 
requirement for many more qubits in 
the system. 

Conventional computers, it should 
be noted, also use extensive error cor- 
rection to ensure they operate correctly 
and in very early digital computers it 
was necessary to run a program sev- 
eral times to ensure the same result 
was obtained each time and if it was, 
confidence could be had in the result! 


Operation of a Quantum 
Computer 


To operate a quantum computer the 
qubits are first set to an initial state rep- 
resenting the problem and then those 
qubits are manipulated using quan- 
tum logic gates which are operated in 
a sequence according to a quantum 
algorithm. 

Quantum logic gates are like logic 
gates in classical computers (although 
their operation is reversible). A quan- 
tum algorithm consists of the step-by- 
step instructions for solving the prob- 
lem but is specifically designed to uti- 
lise features ofthe quantum computer 
such as superposition and entangle- 
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(Above): closeup of the D-Wave 1000 qubit quantum 


ment. Algorithms from classical com- 
puters can also be implemented on a 
quantum computer. 

Two widely known quantum algo- 
rithms are Shor's algorithm for factor- 
ing and Grover's algorithm for search- 
ing unstructured databases. 

Once a quantum computer has fin- 
ished running an algorithm, a meas- 
urement of the qubits is made which 
collapses the qubits into their basis 
states, representing a zero or one to 
yield the result. 

Some quantum algorithms give the 
correct answer only with a certain 
probability and may give a different 
result each time the algorithm is run! 
This is the case with some algorithms 
run on the D-Wave computer dis- 
cussed next. When these algorithms 
are run multiple times the most com- 
mon result is likely to be the correct 
one. 


The commercial D-Wave 
Quantum Computer 

The only company making quantum 
computers on a commercial basis is D- 
Wave Systems (www.dwavesys.com), 
a Canadian company founded in 1999. 

D-Wave’s computers run a very spe- 
cialised type of process called quan- 
tum annealing which is used for solv- 
ing problems involving optimisation 
where a huge number of options are 
reduced to the best choice. 

One way to think of these problems 
is to think of a metaphor involving a 
vast landscape with many hills and 
valleys. The object is to find the low- 


est valley (the best choice) and the way 
to do it is either to 

1) survey the whole landscape by 
walking up and down the hills look- 
ing for the lowest valley as a conven- 
tional computer would do or 

2) use the quantum computer to ef- 
fectively tunnel through the hills to 
quickly find the lowest point. 

The basis of the qubit in the D-Wave 
computers is a SQUID or Supercon- 
ducting QUantum Interference Device. 
The device is made of a ring of super- 
conducting niobium and a junction. 
Current within the ring can flow in 
one direction or the other, resulting in 
magnetic spin states which are either 
up or down although before measure- 
ment the device is in a superposition 
of both states, effectively meaning 
that the current flows in both direc- 
tions at once. 

The D-Wave computer quantum 
processor must be kept at a tempera- 
ture close to absolute zero to minimise 
quantum decoherence and also to en- 
sure that the SQUID devices can oper- 
ate in their superconducting state. The 
large size of the computer is primarily 
due to the cooling equipment. 

In the quantum annealing process, 
the algorithm used to run calculations 
tries to predict what states the qubits 
will be in when the temperature of the 
SQUIDs is increased, thus finding the 
solution or set of solutions for the low- 
est point in the valley in the landscape 
metaphor described above. 

As mentioned previously, this com- 
puter does not necessarily give the 
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same answer to a problem ii run a sec- 
ond time however the more answers it 
repeatedly gives which are the same, 
the greater the confidence one has in 
the result. 

D-Wave sees this as an advantage as 
itassists in determining the confidence 
the computer has in the result of com- 
plex computer-based decisions in ma- 
chine learning applications. 

The D-Wave computer is in use by 
Google, NASA, Lockheed Martin and 
others. 

Google hopes to use the comput- 
er for image and news classification, 
spoken word recognition, machine 
learning and understanding natural 
language and is doing research into 
other possible uses. 

The D-Wave computer has been crit- 
icised because it is not a “universal 
quantum computer" meaning that it 
cannot run any type of calculation but 
is limited to just “combinatorial opti- 
misation problems” and it thus can- 
not run Shor's algorithm, for example. 

Another criticism relates to whether 
it truly is a quantum computer and- 
whether it uses entangled states. 

The reality is that no one fully un- 
derstands how it works in all aspects, 
not even the designers, although it is 
now generally agreed that it is indeed 
areal quantum computer. 

Other issues relate to questions of 
how to benchmark the speed of such 
a computer and compare it to classi- 
cal computers. 


Conclusions 


The dream of quantum computing 
has been around for a while and now 
there is one type of specialised quan- 
tum computer in commercial produc- 
tion with major research in other areas 
of quantum computing, with Australia 
being a key player. 

Quantum computers will not re- 
place classical computers but will 
supplement them by solving special- 
ised types of problems for which they 
are suited. 

It is also important to distinguish 
hyperbole from reality. 

Most likely quantum computers will 
be introduced slowly, at first solving a 
limited number of problems and then, 
perhaps, the market will expand as 
they solve problems with widespread 
demand, such as understanding and 
interpreting spoken language, recog- 
nising objects or even artificial intel- 
ligence. sc 
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Australia is a world leader in aspects 
of quantum computing. 

The Centre of Quantum Computa- 
tion and Communication Technology 
(www.cgc2t.org/) is a collaboration 
between The University of NSW, The 
University of Melbourne, Australian 
National University, Griffith Univer- 
sity, The University of Queensland 
and The University of Sydney. 

It is undertaking work involving a 
diverse area of quantum communica- 
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(1) To make ап image of an atomic structure 
the probe of a scanning tunnelling microscope 
(STM) is moved along the surface of a silicon 
crystal and an image of the surface is obtained 
by measuring a current flowing between the 
crystal and the tip which varies according to 
the position on the crystal surface. An STM 
can also be used to manipulate single atoms 
on the crystal surface. It is important to map 


the crystal surface so the exact location of the 
qubit is known. 
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(2) A layer of hydrogen atoms (light colour) 
is laid down on the silicon surface to create 
the desired types of surface chemical bonds. 
A pulse of current is then applied to the STM 
probe which removes one hydrogen atom. 


(3) A second pulse of current is then ap- 
plied to the STM tip to remove a second hy- 
drogen atom. 


Making single atom qubits, atomic wire 


particular project is the Precision Qu- 
bit Program. 

This program involves making qu- 
bits using single atoms and aims to 
“position, control and read out the 
electron spin on a single (phosphorus) 
atom in silicon which acts as a quan- 
tum bit or qubit”. Single electron tran- 
sistors and microwave strip lines are 
used to both read and manipulate the 
electron spin on a single phosphorus 
atom embedded in a crystal of silicon. 
The ability to create a single atom 


(4) 
(red) and hydrogen, is introduced and the 
molecule of gas settles in the place where 
the two hydrogen atoms were removed. 
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(5) The phosphorus atom of the gas molecule 
now lies on the surface of the silicon crystal. 
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(7) More silicon atoms are added to the 5ш- 
face, embedding the phosphorus atom deep 
in the atomic structure where it is not affected 
by undesired interference from the crystal sur- 
face. (Diagrams captured from https://youtu. 
be/OdXNmbiGPS4) 
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and the 


qubit and support structures such as 
nano-wires to access the qubit is a re- 
markable achievement and only pos- 
sible due to the recent development 
of techniques to reproducibly manip- 
ulate single atoms and also to know 
exactly where those single atoms are 
located within the crystal lattice. 

The illustrations in the numbered 
images in the box show how a sin- 
gle atom of phosphorus is embedded 
into a specific location within a sili- 
con crystal. 


Actual STM image of a phosphorus 
atom (centre) located on the surface 
of a silicon crystal at step 6. The 
scale bar represents one nanometre, 
one millionth of a millimetre. 


The ability to accurately place a single 
atom at a precise location plus the ability to 
make an atomic scale wire allow the fabrica- 
tion of a single atom transistor. Such a tran- 
sistor can be used as a qubit or as a compo- 
nent of a classical computer. 

While making such a device is a fantastic 
start, practical computers need large num- 
bers of devices on the one chip. Also, accord- 
ing to Moore's Law for classical computing 
which says that the number of transistors 
on a chip doubles every 12 to 18 months, 
the size will need to reach the atomic scale 
by 2020 if that rate of advancement is to be 
maintained. Obviously beyond the point of 
a single atom transistor, no further size re- 
duction is possible. 


STM image of single atom transistor. 
The single phosphorous atom is at the 
centre and the atomic scale wires are 
shown in pink. 
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Dr Matthew House with 
' Honours student 
Kirsti Date studying | 
deterministic placement: 
of single donors. in 
silicon at the Atomic 
Fabrication Facility» 
at the Universi 
С. of New Sor 
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that has been raised 
from the knowledge 


An atomic scale 
wire just one atom 


tall and four atoms 
wide. This is the type 
of wire that may be 
used to connect to 
single atom qubits. 
It was made by 
using an STM to 
create a channel in 
the silicon and then 
exposing the area 
to phosphine gas 
to make a line of 


that Ohm's law still 
works at this scale 
is that non- 
quantum affects 
may dominate 
making a qubit 
difficult to 
implement. 
Another import- 
ant outcome of 
this work relates 
to conventional 


phosphorus 

atoms and then 

depositing silicon 

atoms on top of the 

phosphorus atoms 

(similar to with the 

numbered images). The phosphorus 

atoms, which were placed at a spacing 

of less than one nanometer, doped the 

region around their vicinity causing and no further miniaturisation can 

it to become conductive and act as a occur. 

wire. Already transistor gate sizes are at 
A similar conductivity and current 22nm which is about 100 times the 

carrying capability as copper was spacing of silicon atoms. This work 

achieved. This particular work also suggests that miniaturisation can 

proved that Ohm’s law operates at continue for some time and down to 

the atomic scale which was not an much smaller feature sizes. 

expected result as quantum effects Image Courtesy of the Centre 

were though to dominate at this size for Quantum Computation & 

scale. On the other hand, a concern Communication Technology. 


silicon chip fab- 
rication. 
Companies 
such as Intel have 
become increas- 
ingly worried that 
the feature size on microprocessors 
is becoming so small that quantum 
effects will soon start to dominate 
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As we went to press, this 
article by Colin Jeffery 
appeared in the February 
2 issue of "Gizmag" 


(www.gizmag.com) and 
follows several other 


articles on Quantum 
Computing, including 
one on the role UNSW 
scientists are playing in 
this exciting field. 


of entanglement in particles any larger 

and more complex than photons usually 
requires temperatures close to absolute zero 
and the application of enormously powerful 
magnetic fields. 

Scientists working at the University of Chi- 
cago (UChicago) and the Argonne National 
Laboratory claim to have created this entan- 
gled state at room temperature on a semi- 
conductor chip, using atomic nuclei and the 
application of relatively weak magnetic fields. 

When two particles, such as photons, are 
entangled — that is, when they interact physi- 
cally and arethen forcibly separated —the spin 
direction imparted to each is directly opposite 
to the other. 

However, when one of the entangled parti- 
cles has its spin direction measured, the other 
particle will immediately display the reverse 
spin direction, no matter how great a distance 
they are apart. 

This is the “spooky action at a distance" 
phenomenon (as Albert Einstein put it) that 
has already seen the rise of applications once 
considered science fiction, such as ultra-safe 
cryptography and a new realm of quantum 
computing. 

Ordinarily, quantum entanglement is a rare- 
ly observed occurrence in the natural world, 
as particles coupled in this way first need to 


| n quantum physics, the creation of a state 
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Macroscopic quantum 
entanglement achieved 
at room temperature 


magnetic resonance imaging probes (Credit: Awschalom Group/University of Chicago) 


be in a highly-ordered state before they can be 
entangled. In essence, this is because thermo- 
dynamic entropy dictates that a general chaos 
of particles is the standard state of things at 
the atomic level and makes such alignments 
exceedingly rare. 

Going up a scale to the macro level and 
the sheer number of particles involved makes 
entanglement an exceptionally difficult state 
to achieve. 

In standard sub-atomic quantum entan- 
glement experiments using photons, for ex- 
ample, very high energy photons are gener- 
ated using a laser and then directed through 
a nonlinear crystal. 

The majority of the photons will pass 
straight through unimpeded, however some 
will undergo a process known as spontaneous 
parametric down-conversion (SPDC) where, 
simply stated, a single high-energy photon will 
split into two lower-energy photons. 

As a result of this SPDC, the two photons 
will have been created entangled, with oppos- 
ing spin polarisations, because they both were 
spawned from a single particle. 

At a macroscopic level, however, things 
aren't quite as simple, and particles such as 
atoms in solids and liquids are particularly dif- 
ficult to wrangle into a quantum state. 

This is because the difficulties of overcom- 
ing quantum decoherence (where interfering 


wave functions from surrounding atoms cause 
the collapse of quantum states) in entangling 
particles normally means that ultra-low tem- 
peratures (around -270°C) and strong magnet- 
ic fields (about 1,000 times greater than that of 
an average refrigerator magnet) are required. 

This is to keep atomic movement close to 
zero and contain the entangled particles, both 
of which reduce the likelihood of decoherence. 

Given that a practical application of entan- 
glement of macroscopic particles is to allow 
quantum electronic devices to operate in real 
world situations and at ambient temperatures, 
the researchers sought a different approach 
to this problem. 

Using an infrared laser, they coaxed into 
order (known in scientific circles as "prefer- 
entially aligned") the magnetic states of many 
thousands of electrons and nuclei and then 
proceeded to entangle them by bombarding 
them with short electromagnetic pulses, just 
like those used in standard magnetic reso- 
nance imaging (MRI). 

As a result, many entangled pairs of elec- 
trons and nuclei were created in an area equal 
to the size and volume of a red blood cell on a 
Silicon Carbide (SiC) semiconductor. 


See the full article at www.gizmag.com/ 


quantum-entanglement-nuclei-university- 
chicago-argonne/40884/ 7% 
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ӨЗГ ЛЫК ТИЛ ОРЫ ЛЫСЫ SITIO 
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This Garage Parking Assistant will display the distance from the 


back wall of your garage or carport to your car’s bumper bar, in 
large digits and with a colour coded background: green for go, 
yellow for slow down and red for stop. It makes positioning the 
car a breeze as you will always know just how many centimetres 
you are from the wall or an ideal stopping point. 


HIS PROJECT is based on the Mi- 
cromite LCD BackPack described 
in last month’s SILICON CHIP. The Back- 
Pack is a low-cost, touch-sensitive LCD 
panel coupled with an even lower 
cost microcontroller programmed in 


BASIC. Turning this into our Digital 
Garage Parking Assistant only requires 
the addition of an ultrasonic distance 
sensor and a suitable BASIC program. 

As you drive the car into the garage 
the display will light up, with the dis- 


TOUCH-SCREEN 


LCD PANEL 


Fig 1: this block diagram shows the main components in the Garage Parking 
Assistant. The Micromite is in control: using the trigger line, it signals 

the ultrasonic distance sensor to transmit an ultrasonic sound pulse then 
measures the round trip time on the echo line. The result is converted to 
centimetres and displayed on the touch-screen LCD panel. 
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tance in centimetres displayed on a 
green background. As you come closer, 
the background changes to yellow and 
then finally to red. During this time, the 
display will tell you the exact distance 
to the wall or an ideal stopping point 
in large 25mm-high digits. Finally, af- 
ter the vehicle has been stationary for 
a little while, the display blanks, ready 
for the next time you park the car. 

By making some small changes to 
the software program, you could use 
the same design for other applications 
where you need to know the distance to 
an object. For example, with a simple 
modification, the unit could display 
the water level in a rainwater tank. 
Based on the dimensions of the tank, 
it could also calculate and display the 
content in litres, with the background 
colours serving as a warning when the 
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55 GARAGE PARKING ASSISTANT 


Fig.2: the circuit is based on a Micromite LCD Backpack, a touch-screen LCD and an ultrasonic distance sensor. IC1 
does most of the work, while REG1 is a 3.3V voltage regulator. The ultrasonic distance sensor is triggered by pin 21 of 
the Micromite and the subsequent echo signal is then fed to pin 22. A 5V USB charger powers the circuit. 


water has dropped to a low level. 

The program running on the Digital 
Garage Parking Assistant is written in 
BASIC. This is an easy-to-learn pro- 
gramming language and the program is 
stored in plain text. And because the 
Micromite has its own program edi- 
tor, you can connect it to a laptop and 
easily change the program to suit your 
preferences, even when it is attached 
to the garage wall. 

You might, for example, prefer the 
distance to be displayed in old-fash- 
ioned inches. That would require the 
modification of just one line in the pro- 
gram and could be done in minutes. 


How it works 


Fig.1 shows the block diagram of 
the Garage Parking Assistant, while 
Fig.2 shows the full circuit (including 
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the LCD BackPack). The key compo- 
nents are an ultrasonic distance sen- 
sor, Micromite microcontroller IC1 
and the LCD panel. The Micromite 
is completely in control; it uses the 


MCP1700 
IN 
OUT GND 


ultrasonic transducer to measure the 
distance and then displays the result 
on the LCD panel. 

The distance sensor emits an ultra- 
sonic pulse and then listens for the re- 
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The background colours on the LCD provide a simple visual warning to the driver — green to continue, yellow to slow 
down and red to stop. In addition, the LCD shows the distance readout in centimetres. You can change the thresholds 
used for the three colours via the touch-screen and the various options menus. 


turn echo, under the control of the Mi- 
cromite. The microcontroller starts the 
measurement cycle by triggering the 
ultrasonic signal with a short positive 
pulse on the trigger line of the sensor. 
The sensor then raises the echo line 
to a logic high level to acknowledge 
that it has sent the ultrasonic pulse 
and then drops it low again when the 
echo is received. 

The time that the echo pin is held 
high by the sensor represents the round 
trip time for the ultrasonic pulse to 
leave the sensor, reach the distant ob- 
ject and bounce back to the sensor. 
The microcontroller must accurately 
measure this time and then calculate 
the distance to the target. 

In a normal microcontroller, this 
operation can be complex but on the 
Micromite it's easy. The BASIC pro- 
gram just needs to use the DISTANCE() 


The ultrasonic distance sensor used 
in the Garage Parking Assistant. 
The righthand transducer is used 

to transmit the sound pulse and the 
lefthand transducer receives the 
reflected signal. The sensor will work 
with targets ranging from 30mm 

to 3m and is generally accurate to 
within a centimetre. 
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function which will automatically gen- 
erate the trigger pulse and calculate 
the distance to the target. The result 
is returned as a floating point number 
representing the distance in centime- 
tres to one decimal place. 

For example, if you had an ultra- 
sonic transducer connected to pins 21 
(trigger) and 22 (echo), the following 
command would display the distance 
(in centimetres) to the target: 


PRINT DISTANCE(21, 22) 


The output from running the above 
command would be a number. For ex- 
ample, 26.1 would mean that the dis- 
tance is 26.1 centimetres. 

The sensor will work with a target 
that ranges from 30mm to 3m. The pre- 
cision will vary depending on several 
factors, such as the reflectivity of the 
object and the air temperature, but is 
generally accurate to within 10mm. 
This range and accuracy is more than 
adequate for our Garage Parking As- 
sistant. 

The ultrasonic sensor goes by the 
part number НС-5К04 and can be 
found on eBay or purchased from the 
SILICON CHIP Online Shop. Compatible 
sensors are the SRF05, SRF06, Parallax 
PING and the DYP-ME007 (which is 
waterproof and therefore good for loca- 
tions that are exposed to the weather). 
АП of these work exactly the same as 
the НС-5К04. 


The Micromite 

The Micromite has been described 
many times before in SILICON CHIP and 
has evolved into a powerful but inex- 
pensive controller. The IC used here 
is a 28-pin dual-in-line (DIL) package 
which can be plugged into an IC socket 
and is programmed using a version of 
BASIC called MMBasic. 

BASIC stands for "Beginner's All- 
purpose Symbolic Instruction Code". 
Originally designed as an interactive 
teaching language by Dartmouth Col- 


lege in the USA in 1963, it subse- 
quently became widely used on early 
personal computers. Because of its 
simplicity, BASIC is often used for 
teaching the fundamental concepts of 
programming. 

The program for the Garage Parking 
Assistant is written in BASIC and be- 
cause of this, it can be easily modified 
to suit your preferences. For example, 
if you do not like the colours you can 
change them to suit yourself. 

The Micromite is coupled with a low- 
cost touch-screen LCD panel which can 
display 320 by 240 pixels in any one 
of 65,535 colours. We chose the larger 
2.8-inch version for our prototype be- 
cause the displayed digits are easier 
to see from the driver's seat; they are 
just over 25.4mm (1-inch) high. If you 
already have the 2.4-inch LCD, this 
could be used instead. Its mounting ar- 
rangement (on the lid of the case) will 
be slightly different, however. 

The Garage Parking Assistant uses 
the touch input to set its various op- 
tions. All you need do is tap the screen 
and the main options menu appears. 

Touch support is another area where 
the BASIC language makes program- 
ming easy. The TOUCH() function will 
return the X and Y coordinates of the 
touched location in pixels. Using this 
anda selection of drawing commands, 
it is possible to create touch sensitive 
buttons and other screen objects that 
make sense to the casual user. 


Options 

The photo at top-right on the facing 
page shows the main options menu that 
appears when the screen is touched. In 
particular, it shows the timeout, off- 
set and thresholds for the background 
colours. 

The timeout is simply the length of 
time after the car has stopped moving 
before the display is blanked. By con- 
trast, the offset is the distance from 
the sensor at which the displayed dis- 
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tance will be shown as zero. It is use- 
ful if the sensor is mounted on a wall 
but the car must stop before the wall 
is reached, perhaps because of some 
other obstruction. 

For example, if the offset is set at 
10cm, the display will read zero when 
the distance between the car's bumper 
bar and the sensor has been reduced 
to 10cm. 

Either of these two settings can be 
changed by touching the CHANGE but- 
ton. In this case, a virtual on-screen 
keypad will be displayed which al- 
lows the required number to be keyed 
іп. An example of this is shown in the 
photo below left. The keypad includes 
the ability to delete the previously en- 
tered digit (the DEL key) or cancel the 
entry and return to the menu (the CAN 
key). Pressing the ENT key will store 
the keyed-in number and return to the 
previous menu. 

The third entry on the main options 
screen shows the thresholds for the 
colour changes. Pressing the change 
button for this entry will open up a 
new menu as shown in the photo be- 
low right. By default the threshold for 
green is 200cm, for yellow it is 50cm 
and for red it is 10cm. 

Initially, as the vehicle approaches, 
the LCD will be blank but when the 
vehicle's distance reaches the green 
threshold, the display will light and 
show the distance with a green back- 
ground. Similarly, when the yellow 
threshold is reached, the background 
will change to yellow and so on. 

These colour changes provide a 
simple visual warning for the driver 
— yellow means slow down and red 
means stop immediately. You can eas- 
ily change these thresholds by touch- 


This is a typical virtual keypad which allows the user to 
enter a new number. It includes the ability to delete the 
previously entered digit (the DEL key) or cancel the entry 
and return to the menu (the CAN key). Pressing ENT will 
store the number and return to the previous menu. 
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Touching the screen on the Garage Parking Assistant displays the options 


settings. This photo shows the main menu, which displays the current settings 
for the timeout, the offset and the thresholds. Touching the CHANGE button for 
a particular parameter brings up a virtual keypad (see photo below) so that the 


setting can be changed. 


ing the CHANGE button and keying in 
the new number. 

The FINISHED button will save the 
options and return to the previous 
screen. All options are saved in non- 
volatile memory, so they will be re- 
tained even if the power is removed. 


Building the LCD Backpack 

The first step in the construction is 
to build the Micromite LCD BackPack 
and test it to make sure that it's work- 
ing correctly. This was described in 
last month's issue of SILICON CHIP so 
we won't go into too much detail here. 
Besides, with the silk screening on 
the PCB, it's obvious where the parts 
go and it should take less than half an 
hour to build. 
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The thresholds for bringing up different background col- 
ours can be changed using this menu. The Finished button 
saves the options and return to the previous screen. All 
options are saved in non-volatile memory so they will be 
retained even if the power is removed. 


Loading the firmware and the BASIC 
program is essentially a 3-step process. 
First, the blank PIC32 microcontroller 
must be programmed with the Mi- 
cromite firmware which includes the 
BASIC interpreter (ММВавіс). That 
done, the interpreter needs to be con- 
figured to suit the LCD panel. And fi- 
nally, the BASIC program that drives 
the ultrasonic sensor and the display 
needs to be loaded. 

You have a few choices when it 
comes to this process: 

Option: the first option is to download 
the file “ParkingAssistFull.hex” from 
the SILICON CHIP website and program 
the PIC32 yourself. This file has the 
Micromite firmware, the settings for 
the LCD panel and the BASIC program 


THRESHOLD 
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cm | 


MARCH 2016 29 


all combined into one "package". It 
must be programmed into the PIC32 
microcontroller using a programmer 
such as the PICkit 3. 

Using this firmware is quite con- 
venient because this single operation 
combines all three steps and sets up 
the chip so that it's ready to do the job. 
Option 2: the second (and easiest) op- 
tion isto purchase the PIC32 microcon- 
troller pre-programmed with the com- 
bined firmware file from the SILICON 
CHIP Online Shop. Then, all you need 
to do is plug the chip into its socket 
and you are ready to go. 

Option 3: the third option is to go 
through all three steps individually. 
Step 1 is to download the file *Micro- 
mite V5.1.hex" from the SILICON 
CHIP website and program it into the 
PIC32 microcontroller using a PICkit 
3. Step 2 is to connect a USB-to-serial 
converter to the Micromite's console 
and configure the chip to work with 


30 SILICON CHIP 


Fig.3: the software 
flowchart diagram. The 
BASIC program runs 

in a continuous loop. 
After checking for a 
touch on the screen the 
program then measures 
the distance to the car. 
Following this, a series 
of decisions are made to 
determine if the display 
should be blanked or to 
select the background 
colour. 


the LCD and touch. And finally, step 
3 involves loading the BASIC pro- 
gram "ParkingAssist.bas" (again avail- 
able from the SILICON CHIP website). 
This can be loaded using either the 
XMODEM protocol or using the AU- 
TOSAVE command. 

The above process was described in 
detail in last month's article on the Mi- 
cromite LCD Backpack and isn't hard 
to do. When you have run through all 
three steps, the result will be exactly 
the same as if you had loaded the 
combined firmware containing the in- 
terpreter, the settings and the BASIC 
program (or if you purchased a pre- 
programmed chip). 

The only issue that you need to be 
aware of is that the touch calibration 
in the combined firmware was done 
with a reasonably standard LCD panel 
but yours might require re-calibration 
if it is significantly different from the 
"standard" that we used. If you dis- 


cover that the touch calibration is 
inaccurate, this can be corrected by 
connecting a USB-to-serial converter 
to the console, halting the program 
with CTRL-C and re-running the cali- 
bration. The calibration procedure was 
also described in detail last month. 

Note that if you already have a work- 
ing Micromite LCD BackPack, then it 
will only be necessary to load Parking- 
Assist.bas into the PIC32 micro. Alter- 
natively, you can choose to reprogram 
the chip with the combined software 
(ie, ParkingAssistFull.hex). 


Program operation 

If you wish to modify the BASIC 
program, you need to have some idea 
of how it works. Fig.3 provides a high- 
level flow diagram of its operation. 

As shown, the program runs in a con- 
tinuous loop. First, it checks ifthe LCD 
is being touched and if it is, branches 
to a subroutine which will display the 
menus and the options. 

The program then retrieves the dis- 
tance from the ultrasonic sensor which 
is averaged over five successive read- 
ings to reduce noise. It then checks 
for forward movement and if there is 
none it checks for a timeout. This is 
the time that the display remains on 
after the vehicle has stopped moving. 
If the vehicle is stationary, a counter 
will increment every second and the 
program will blank the display when 
thecounter reaches the timeout setting. 

The program next checks the vehi- 
cle's distance and compares it to the 
green threshold. If it is greater than 
this threshold, it blanks the display 
and returns to the start of the loop for 
another "go around". If the distance 
is less than the green threshold, the 
program checks the other thresholds 
to determine the colour to be used, ie, 
green, yellow or red. 

Finally, the program displays the 
distance in centimetres with the speci- 
fied coloured background. It then loops 
around to get another distance reading 
and repeat the process. 

If you are going to modify the pro- 
gram there is one feature that you 
need to be aware of. In the main pro- 
gram loop, the watchdog timer is set 
to one second. This timer is used to 
automatically restart the program if 
an error occurs. 

In operation, the timer must be con- 
stantly reset to one second to prevent 
a restart under normal operation. This 
means that you must make sure that the 
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program can execute the loop in less 
than one second to avoid an automatic 
restart of the Micromite. 

The watchdog timer is also used 
when the program detects a touch on 
the screen and branches to the menus 
where the options are set. In this case, 
the timeout is set to 10 minutes every 
time a button is touched. This was 
included in the program so that the 
Micromite will automatically restart 
and return to normal operation after 
10 minutes of inactivity within any 
menu — handy if you have been called 
away while fiddling with the settings 
and forget to return. 


Building it 

The first job in the assembly is to 
build and calibrate the Micromite LCD 
BackPack, as detailed in the February 
2016 issue of SILICON CHIP. It's then just 
amatter of mounting the LCD BackPack 
assembly and the ultrasonic sensor 
assembly in separate enclosures and 
connecting them together. 

As shown in the photos, the Micro- 
mite LCD Backpack is mounted inside 
a UB3 ABS box, while the ultrasonic 
sensor goes in a smaller UB5 box. A 
4-core cable joins the two units and 
allows the sensor to be mounted at 
bumper bar height, while the Micro- 
mite LCD BackPack can be mounted 
above it at eye height. 

In each case, the lid supplied with 
the box is discarded and replaced with 
a laser-cut clear acrylic panel (available 
from the SILICON CHIP Online Shop; see 
parts list). The panel for the BackPack 
assembly comes with all the mounting 
holes plus a precision cut-out for the 
touch-screen LCD, while the panel (or 
lid) for the UB5 box comes with corner 
mounting holes plus neat circular cut- 
outs for the two ultrasonic transducers. 

Fig.4 shows how the LCD BackPack 
assembly is mounted. First, the touch- 
screen LCD is attached to the acrylic 
lid at each corner using an M3 x 10mm 
machine screw, two stacked M3 wash- 
ers and an M3 x 12mm tapped spacer. 
This arrangement ensures that the LCD 
sits flush with the clear acrylic lid. 

Note that the LCD itself is offset to 
the left on its PCB, so be sure to fit the 
module the right way around, so that 
the viewing area is centred horizon- 
tally on the acrylic panel. Once it's in 
place, the Micromite BackPack PCB is 
then plugged into CON3 on the LCD 
board and secured in place using M3 
x 6mm machine screws. 
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M3 x 10mm 
MACHINE SCREW 


BACKPACK PCB 


MACHINE SCREW 


V6S2:2-862 


just before it is lowered into the case. 


The next step is to drill holes in the 
lefthand side of the case to accept a 
panel-mount DC power socket and a 
4-pin microphone socket (used for the 
sensor connection). These holes can be 
centred vertically on the panel, with 
each hole about 20mm in from its ad- 
jacent outside edge. 

Drill small pilot holes to start with, 
then carefully enlarge each hole to size 


CLEAR ACRYLIC LID WITH CUT-OUT FOR LCD 
(REPLACES ORIGINAL UB3 BOX LID) 


Fig.4: here's 
how to attach 
the LCD & 
Micromite 
BackPack PCB 
to the clear 
acrylic lid. 
The LCD goes 
through a cut- 
out in the lid 
and sits flush 
with its top 
surface. 
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This view shows the LCD/BackPack РСВ assembly 


using a tapered reamer, so that the part 
just fits. 

That done, the DC socket can be 
wired to a 4-pin female header as 
shown in Fig.5, with the red wire go- 
ing to the centre pin terminal. The DC 
socket is then be secured to the case, 
after which the microphone socket can 
be fitted and wired to an 8-pin female 
header - see Fig.6. 
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USB CONNECTOR 
TYPE A MALE 


DC PLUG 


SOC! 
(ON END OF BOX) 


MICROMITE 
CON1POWER 
AND CONSOLE 
CONNECTOR 


CONNECTOR 


Fig.5: the Garage Parking Assistant is powered from a standard USB plugpack charger. To make a suitable power 
cable, cut off one end of a USB cable (retaining the type A male connector on the other end) and solder the red wire to 
the centre terminal pin of a DC plug and the black wire to the outside pin. The matching DC socket is mounted on the 
side of the UB3 box and is connected to a 4-pin female header which then plugs into CON1 on the Micromite PCB. 
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Fig.6: a cable with a 4-pin female header at one end and a 4-pin microphone plug at the other end connects the ultra- 
sonic sensor to the display unit via a matching 4-pin socket. The microphone socket in turn is wired to an 8-pin female 
header which then connects to CON2 on the Micromite PCB. Note that the female headers shown in Figs.5 & 6 are not 


polarised, so make sure that they are orientated correctly when plugging them in. 


The main unit can now be completed 
by plugging the headers into CON1 & 
CON2 on the BackPack PCB, then low- 
ering the PCB assembly into the case 
and securing it at the corners using the 
supplied self-tapping screws. 

Be careful when plugging in the two 
headers, as the connectors are not po- 
larised. Basically, it’s just a matter of 
making sure that ground (GND) from 
the DC socket (black wire) goes to GND 
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on CONI and that GND on the micro- 
phone socket goes to GND on CON2. 

Note also that CON2 on the Back- 
Pack PCB has 18 pins; the 8-pin female 
header must be plugged in at the end 
that has the GND pin. 


Fitting the sensor PCB 

The ultrasonic sensor unit comes 
pre-assembled. It's just a matter of 
pushing the two sensors through their 


The sensor unit is connected to 
the Micromite LCD Backpack via 
a 4-core cable. Power is derived 
from CON2 on the BackPack РСВ. 


front panel holes as far as they will go 
to secure the unit in position. The sen- 
sors are a firm fit in the holes and that 
will usually be enough to hold the as- 
sembly in place. 

Alternatively, a couple of small dabs 
of neutral-cure silicone can be used 
on the inside to ensure that the sensor 
unit can't be pushed back into the case. 

The next step is to drill a 9.5mm hole 
through one side ofthe case (or through 
the top) and fit a rubber grommet. A 
4-way cable (used to connect the sen- 
sor to the Micromite BackPack PCB) 
is then pushed through this grommet 
and wired to a 4-way female header as 
shown in Fig.6. 

Either 6mm-diameter 4-core audio 
cable (with the shield braid cut short) 
or 4-wire telephone cable can be used 
here. The audio cable is a tight fit into 
the grommet, so it won't be necessary to 
secure it with a cable clamp. Converse- 
ly, some sort of clamping arrangement 
will probably be required if telephone 
cable is used. 

The other end of this 4-way cable 
is connected to a 4-pin microphone 
plug. Make sure that the wires go to 
the correct pins on this plug, so that 
they mate with the correct wires on 
the socket when the two are connected 
together. If you are using audio cable, 
the shield braid can either be cut short 
or connected to the plug's metal shell. 
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Firmware Updates 


For firmware updates for the Micro- 
mite and the Garage Parking Assis- 
tant, please check the author's web- 


site at geoffg.net/micromite.html 


Note that the ultrasonic sensor as- 
sembly derives its power (5V) via this 
cable from CON2 on the Micromite 
BackPack PCB. 


Power supply 

5V USB plugpack chargers are cheap 
and the Garage Parking Assistant works 
perfectly with one of these. Be sure to 
select one with a generous current rat- 
ing (500mA or more), as the unit can 
draw up to 250mA. 

Fig.5 shows the details for the USB 
supply cable for one of these supplies. 
It's just a matter of cutting off one end 
ofa USB cable (retaining the male type 
A connector at the other end) and sol- 
dering the red and black wires to the 
DC plug (red wire to the centre-pin 
terminal). 

The other two wires in the USB cable 
(generally green and white) can be cut 
short, as they are not needed. 

Another option is to use a 5V DC 
plugpack with a captive lead fitted 
with a DC plug. If the plug is the in- 
correct size, cut it off and fit one that 
does match the socket. 


Loading BASIC 


If you are going to load the BASIC 
program yourself or edit it later, you 
also need to make up a cable with a 
USB-to-serial converter as described 
last month. Then, after you have the 
program running, you can remove the 
converter and use the power cable 
instead. 

This is because the program is de- 
signed to start running automatically 
whenever power is applied and after 
the program has been run once, you 
don't need to use the console again. 


Mounting it in place 

Having made the connections, the 
next step is to mount the two units in 
place. The LCD unit should be mount- 
ed on the garage wall at eye height, 
while the sensor should be mounted 
at bumper bar height. 

Don't forget that you can easily ad- 
just the green, yellow and red threshold 
values if necessary. Depending on how 
close you want to park to the wall, the 
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Pants list 


Micromite LCD BackPack Unit 

1 PCB, code 07102122, 86 x 
50mm (for 2.8-inch LCD) 

1 ILI9341-based LCD, 320 x 240 
pixels, 2.8-inch diagonal 

1 UB3 ABS box, 130 x 67 x 43mm 
(Altronics H0153 or H0203, 
Jaycar HB6013 or HB6023) 

1 pre-drilled clear acrylic lid to 
suit UB3 box 

1 4-pin tactile switch, through- 
hole hole 

1 1000 vertical-mount side adjust 
trimpot (Altronics R2579, 
element14 9608044 or similar) 

1 28-pin DIL low-profile IC socket 

1 4-pin 0.1-inch male header 
(CON1) 

1 18-pin 0.1-inch male header 
(CON2) 

1 14-pin 0.1-inch female header 
socket (СОМЗ) 

1 6-pin 0.1-inch right-angle male 
header (CON4) 

1 4-pin 0.1-inch female header 

1 8-pin 0.1-inch female header 

1 2.1mm or 2.5mm panel-mount 
DC socket (Altronics P0622 or 
P0623) 

1 4-pin panel-mount microphone 
male socket (Altronics P0955 
or Jaycar PP2010) 

4 M3 x 12mm tapped spacers 

4 M3 x 10mm machine screws 

4 M3 хбтт machine screws 

8 M3 flat washers 


Semiconductors 

1 PIC32MX170F256B-50I/SP 
microcontroller programmed 
with ParkingAssistFull.hex 
(IC1) — see text. Note: a PIC32- 
MX170F256B-I/SP can also 
be used but will be limited to 
40MHz) 

1 Microchip MCP1700-3302E/TO 
voltage regulator (REG1) 


Capacitors 
1 47uF 16V tantalum or SMD 
ceramic (3216/1206) 


default values should be fine in most 
cases. However, some people might 
want to increase the red threshold to 
(say) 15cm or even 20cm. 

As stated earlier, all you have to 
do is touch the screen to bring up the 
main options menu and then touch the 


2 10uF 16V tantalum or SMD 
ceramic (3216/1206) 
2 100nF monolithic ceramic 


Resistors (0.25W 5%) 
1 10kQ 


Sensor Unit 

1 ultrasonic distance sensor, HC- 
SR04, SRFO5, SRFO6, Parallax 
PING ог DYP-ME007 

1 UB5 ABS box, 82 x 54 x 30mm 
(Altronics Н0155 or H0205 , 
Jaycar HB6005) 

1 pre-drilled clear acrylic lid to suit 
UB5 box 

1 9.5mm rubber grommet to suit 
6mm-dia. cable (Jaycar НР0702) 


Cable Parts 

1 USB cable with a male type A 
connector (length to suit) 

1 2.1mm or 2.5mm DC plug to suit 
DC socket (Altronics PO634A 
or P0635A, Jaycar PP0510 or 
PPO0511) 

1 4-pin female line microphone 
connector (Altronics P0950 or 
Jaycar PS2012) 

1 4-pin 0.1-inch female header 

1 length 4-core audio cable 

1 200mm length of rainbow cable 


Where To Buy Parts 

A complete kit for the Micromite 
LCD BackPack is available from the 
SILICON CHIP Online Shop. The clear 
lid with cut-out, to suit a UBS Jiffy 
box, is available separately. We are 
also offering the ultrasonic distance 
sensor with a custom-cut UB5 jiffy 
box lid. See the Online Shop ad on 
page 88 for more details. 

Тһе Micromite BackPack PCB and 
programmed microcontrollercan also 
be purchased separately. 

Note that the kit does not include 
the boxes, mounting hardware, plug- 
pack power supply, rubber grommet 
off-board headers and connectors or 
cable parts. 


CHANGE button for the colour thresh- 
olds to bring up the relevant options 
menu. You then hit the CHANGE button 
for the threshold you want to change, 
enter in the new number on the virtual 
keypad, touch ENT and then FINISHED, 
and that’s it! SC 
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If you just want to measure temperature, 


then using a Sense HAT with the Raspberry 
Pi (RPi) is overkill. A much cheaper, easier 
and more accurate option is to use a Dallas 
DS18B20 1-Wire Digital Thermometer 


Sensor. 


HE DALLAS DS18B20 tempera- 
ture sensor looks just like a TO-92 
transistor but is actually much more 
complicated. Its internal chip not only 
includes a temperature sensor but also 
has a 12-bit on-board digital-to-analog 
converter, a 1-wire serial interface and 
all the necessary control logic. It’s ac- 
curate to within +0.5°C over the range 
of -10°C to +85°C and has a full oper- 
ating temperature range from -55°C 
to +125°C. 

In addition, each DS18B20 has a 
unique 64-bit serial code, which al- 
lows multiple DS18B20s to function 
on the same 1-Wire bus. If you want to 
use multiple sensors, it’s just a matter 
of connecting them in parallel. 

A waterproofed and pre-wired ver- 
sion of the sensor is available and this 
can be purchased from the SILICON CHIP 
Online Shop for just $5 plus postage. 
The sensor itself is housed in a small 


TEMPERATURE SENSOR 


Fig.1: here's how to connect the DS18B20 sensor leads to the Raspberry Pi's GPIO 
port. The red wire goes to +3.3V, the black wire to GND and the yellow data wire 
goes to the GPIO4 pin. In addition, a 4.7kQ pull-up resistor is connected between 


GPIOA and the +3.3V pin. 
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metal tube and is hooked up to a 1- 
metre long cable. 

Apart from cost, the big advantage 
of the DS18B20 is that it's far more 
accurate than the Sense HAT. It's not 
only inherently accurate but can be 
well-separated from the RPi so that 
it is unaffected by heat generated by 
the RPi's ARM CPU. As a result, it 
doesn't require time for the readings 
to stabilise after switch on and we 
don't need to compensate for heat-soak 
from the RPi. 


Connecting it to the RPi 
Interfacing the DS18B20 sensor to 
the RPi's GPIO port couldn't be easier. 
As shown in Fig.1, there are just three 
wires to connect: the red wire goes to 
the +3.3V pin, the black wire goes to 
GND and the yellow data wire goes to 
СРІО4. In addition, a 4.7kQ pull-up 
resistor must be connected between 
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the data line and the +3.3V supply. 

The easiest way to connect the wires 
is to terminate them in 1-way header 
sockets which are then plugged into 
RPi’s GPIO port. Alternatively, you 
can cut two sections from a pin header 
socket (eg, Altronics P5380), plug them 
into the GPIO port and solder the sen- 
sor’s leads to the pins. A small clamp 
attached to the case lid can be used to 
secure the cable in place. 

The 4.7kQ resistor can be connected 
by soldering its leads directly to the 
GPIO pads underneath the PCB. 


Getting it going 

You will need to install Raspbian 
on the RPi and set it up as described 
in the January and February 2016 is- 


—— 4.7k PULLUP 
1 RESISTOR SOLDERED 
ТО +3.3V & GPIO4 
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sues of SILICON CHIP. If you don't have 
a Sense HAT module, you can leave 
out Steps 8-10 ofthe January article as 
they are not relevant. 

Once you've done that and connect- 
ed the DS18B20 temperature sensor, 
power up the RPi. You now need to 
tell it how to detect the sensor. To do 
that, enter the following command in 
a terminal window: 


sudo nano /boot/config.txt 


then move the cursor to the bottom 
of the file and add the following line: 


dtoverlay=w1-gpio 


Hit Ctrl-o and Ctrl-x to save the file 
and exit Nano, then reboot (sudo reboot) 
the RPi so that the changes take effect. 

(Note: on older versions of Raspbian, 
it may be necessary to add the lines 
w1-gpio and W1 therm to the end of 
/etc/modules). 

Once the RPi is up and running 
again, enter the following commands 
into a terminal window: 


cd /sys/bus/w1/devices 


Your DS18B20 temperature sensor’s 
unique ID address will now be listed 
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bi L/ de 

28-011581aefaff wl һис masterl1 
bus de 
1/4: 


/ і The Raspberry 


Pi connects to 
your router via 
WiFi and streams 
the temperature 
readings to a web 
f- server so they can 
x be accessed over 
the internet. 


Fig.2: once the DS18B20 has been connected to the RPi, a number of commands 
are run in a terminal window to determine its ID address (see text). 


in the terminal window followed by 
w1 bus master – see Fig.2. If you mul- 
tiple sensor's connected in parallel, 
then multiple IDs will be listed (one 
for each sensor). 

In our case, the sensor's ID is 28- 
011581aefaff and we can now open the 
sensor's file to view the temperature 
reading as follows: 


cd 28-011581aefaff 
cat w1 slave 


This will return two lines of data, 
as shown in Fig.2. The first line is a 
cyclic redundancy check (CRC) and if 
itends in "YES", then the reading was 
successful. The second line displays 
the temperature reading, in this case 
1223812. This is the temperature in °С 
x 1000, so we simply divide by 1000 to 


The 4.7kQ pull-up resistor can be 
directly soldered to the GPIO pins. 


get the temperature: ie, 23812 + 1000 
= 23.812°C, 


Python program 
We don’t want to have to go through 
this rigmarole every time we want to 
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Fig.3: readtemp.py 


import time 
import os 
import re 


sensor names = {"01158laefaff": "indoor") #Substitute your sensor's ID 
def list onewire sensors(): 
path - '/sys/bus/wl/devices' 
return [f for f in os.listdir(path) if not os.path.isfile(os.path.join(path, f)) and f.s 


def read onewire sensor (name): 
path = '/sys/bus/wl/devices' 


file - open(os.path.join(path,name,'w1 slave'), 


linel = file.readline() 
line2 - file.readline() 
file.close() 


кезе 


if linel.endswith(' YES\n'): 


info - 


re.search(' (\\d+)\n?$', line2) 


if info and int(info.group(1)) > 0: 
return int(info.group(1)) / 1000.0 


return '?'; 

def getmsg (entities): 
tn = 
msg = "[%s]" % tm 


deg = "&deg;" if entities else u"\u00B0" 


onewire sensors = 


list_onewire_sensors () 


for sensor in onewire sensors: 
temp = read onewire sensor (sensor); 


msg += ' 
return msg 


while True: 
print (getmsg (False) ) 
time .sleep (5) 


read the temperature, so the answer 
is to automate the procedure using a 
simple Python program. Better still, 
we can then stream the readings to 
Apache Web Server on the RPi, so 
that we can access the readings over 
the internet (or on the local network) 
using a web browser. 

Let’s get the Python program run- 
ning first. Fig.3 shows the code — just 
download the readtemp.py file from 
the SILICON CHIP website to the RPi’s 
/home/pi folder, then launch Python 3 
from a terminal window using the fol- 
lowing commands: 


xhost + (if you're running it headless) 
sudo idle3 & 


Wait until Python 3 launches, then 
open /home/pi/readtemp.py and click Run 
Module. You should see the temperature 
readings appear as shown in Fig.4, with 
the reading updated every 5s. 

OK, let's take a closer look at the pro- 
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gram. The new code has two functions 
to assist with reading the DS18B20 
1-Wire sensor temperature, plus some 
extra code to display the results. 

The list onewire sensors function 
scans the /sys/bus/w1/devices directory 
for subdirectories starting with “28-” 
and adds the sensor’s name, which in- 
cludes its unique serial number, to an 
array. The returned array thus contains 
one entry for each DS18B20 sensor that 
has been detected. 

The read_onewire_sensor function 
receives the name of one of the sen- 
sors (from the list) and interrogates 
that sensor. It reads two lines, both 
of which contain the full sensor re- 
sponse. As stated, the first one has 
a flag indicating whether the CRC is 
valid, while the second line contains 
the decoded temperature value. 

This function reads both lines and, if 
the CRC is valid, returns the tempera- 
ture reading in °C as a floating point 


time.strftime("$d/$m/$Y %H:%M:%S", time.localtime () ) 


'+( sensor names[sensor[3:]] if sensor[3:] in sensor names else sensor[3:] 


value. If an error occurs, it returns a 
string containing a question mark. 

We also have a list called sensor . 
names which can be used to map the 
cryptic unique ID for a given sensor 
to a more useful name such as "in- 
door", *outdoor", etc. That way, you 
can name the sensors and the tempera- 
ture for each sensor is then displayed 
after its name. 

The test script also initialises a 
string with the current date and time. 
It then calls the first helper function to 
get a list of sensors and then, for each 
sensor, gets the name and tempera- 
ture and adds it on to the end of that 
string. Finally, that string is printed, 
as shown in Fig.4. 

If you want to change the update 
time, just edit the last line of the script. 


Web access 


We've also adapted the index.py 
script originally used last month so 
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[05/02/2016 17:19:53] indoor: 22.812°C 
[05/02/2016 17:19:58] indoor: 22.875%С 
[05/02/2016 17:20:03] indoor: 25.375°C 
[05/02/2016 17:20:08] indoor: 27.437°C 
[05/02/2016 17:20:13] indoor: 28.500%С 
[05/02/2016 17:20:18] indoor: 28.375°C 
[05/02/2016 17:20:23] indoor: 28.062°C 
[05/02/2016 17:20:28] indoor: 27.750%С 
[05/02/2016 17:20:33] indoor: 27.500°C 
[05/02/2016 17:20:38] indoor: 27.187°C 


swith('28-')] 


Fig.5 (above): the temperature readings as displayed 
in a web browser. The rapid increase in temperature 

was the result of briefly holding the temperature sensor 
between two fingers. 


'+('?' if temp == '?' else ('$.3f' $ temp) +deg+'C') 


Жұ *Python адо shell zi 


File Edit Shell Debug Options Windows Help 


Python 3.4.2 (default, Oct 1% 2014, 13:31:11) 
[GCC 4.9.11 on linux 
"copyright", "creditz" or *license()* for more information. 
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Fig.4: this is the output that appears when running readtemp.py in Python on the 
RPi. The reading updates about every five seconds but this is easy to change. 


that the Apache 2 Web Server could 
serve readings from the Sense HAT. 
We've left the code to display the read- 
ings from the Sense HAT in place but 
wrapped it with an “exception han- 
dler” so that if the Sense HAT isn’t 
installed, its absence is ignored. 

We then use the same code from 
the readtemp.py script to append the 
DS18B20 reading(s) to the end of each 
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line that’s displayed. If you can physi- 
cally connect both the Sense HAT and 
some DS18B20 temperature sensors, 
all the readings at any particular in- 
stant will be shown on the same line. 

If you only have a DS18B20 sensor 
connected, its readings will be dis- 
played as shown in Fig.5. And if you 
have several DS18B20s connected in 
parallel, all their readings will be dis- 


played. You can edit the sensor names = 
line to distinguish between them —just 
add a comma after each preceding en- 
try and add each additional sensor’s 
ID address and name (with everything 
enclosed by one set of parentheses). 
Apart from adding code to support 
the DS18B20 sensors, we’ve also im- 
proved the program to give more con- 
sistent time intervals between read- 
ings. Basically, the page load time has 
now been taken out of the equation. 


Setting up the web server 
Installing and getting the Apache 
Web Server going is straightforward — 
just follow the step-by-step procedure 
described in the February 2016 article. 
As before, the index.py script (embed- 
ded in index. py.zip) can be downloaded 
from the SILICON CHIP website, un- 
zipped and copied to /var/www/html. 
Don’t forget to set up password ac- 
cess and a dynamic DNS service (eg, 
Duck DNS) if you want to access the 
temperature readings over the internet. 
It’s also a good idea to install Fail2Ban, 
to temporarily ban anyone who makes 
too many failed log-in attempts. 
Once the set-up is complete, you 
can browse to the RPi’s web server by 
entering your local IP, WAN IP or dy- 
namic DNS address into your browser 
to display the temperature readings. 
By default, the reading updates every 
five seconds but you can easily change 
this by altering the two interval=5 val- 
ues in index.py; eg, interval=30 updates 
the reading every 30 seconds. 
Alternatively, you can add a switch 
to the website address, as described on 
page 58 of the February issue. 56 
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This handy device will activate a timer and relay when you're 
accelerating or decelerating hard. It does this by responding to 


how quickly,y 


ou're moving the accelerator pedal. In fact, it is a 


general purpose version o the QuickBrake project presented i in 


the January 20 


Brake project, you will know that 
it turns on your brake lights be- 
fore the brakes are actually applied, 
by sensing that you have lifted off the 
throttle very rapidly, just as you do be- 
fore a heavy application of the brakes. 
This gives following drivers an ear- 
ly warning (via an earlier brake light 
turn-on) that you are about to decel- 
erate heavily. 

But this version of the circuit, the 
Delta Throttle Timer, can respond to 
heavy applications of the throttle too. 

Say you're driving along and the 
road passes through a section of wind- 
ing country road. As you approach 
those bends, you decide to push it 
along a lot harder — 
and your foot goes 
down fast. 

You wind out the 
engine in second 
gear, flick the le- 
ver across to third 
and then flatten the 
throttle again. A 
corner approaches 
and you lift off, turn 
in and then right at 


[= read the article on the Quick- 
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the apex, get back hard on the power. 

The Delta Throttle Timer (DTT) has 
all the time been watching the volt- 
age coming from the throttle position 
sensor. 

When it recognises how fast you're 
pushing down on the throttle, it acti- 
vates a timer which in turn controls a 
relay. If that relay is connected to (say) 
an intercooler water spray, you'll be 
cooling the core even before the car 
comes up on boost! 

Set the timer for an interval of 30 
seconds and that's how long the spray 
will stay on for but you can repeatedly 
extend the time if you push down fast 
on the throttle again before the relay 
times out. 


And when you go back to gentle 
driving, the spray will then turn off. 

But there are other possible uses. 
The DTT is the ideal way of trigger- 
ing engine and transmission modifi- 
cations. 

For example, you could set it up so 
that when you drive with fast throttle 
movements the turbo boost increases. 

Or you can use the DTT to automati- 
cally switch the transmission's Power/ 
Economy button to Power mode when 
you're really pushing it along. And 
again, when you revert to a more gen- 
tle mode, the DTT will switch the auto 
transmission back to Economy Mode. 

Still with a turbo car, because the 
DTT can be configured to also measure 

quick throttle lifts (as in 
the QuickBrake), you 
can also use the device 
to control an electric 
blow-off valve. 

In that application, 
the timer would be set 
for a very short period — 
say one second — so that 
whenever you quickly 
lift the throttle (eg, for a 
gear-change), the blow- 
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position sensor. Alternatively, if your 
car does not have a throttle position 


sensor or if the TPS is difficult to ac- 
cess, you could use the MAP (manifold 


absolute pressure) sensor instead, then 


only 


to connect and set up. Apart from the 


device that you are controlling, 
three connections are needed to the 


car's wiring: ignition-switched +12V, 
chassis (earth or GND) and the throttle 


, avoiding 


off valve will open. However, at idle, 

those problems where intake air can 

be drawn in through the open valve. 
The DTT is easy to build and easy 


the valve will stay shut 
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Suggested uses 


When configured to measure quick downwards throttle movements: 
e Switching engine management and auto transmission control 


modifications in and out 


е Automatic switching of the Power/Economy auto transmission button 
е Automatic turbo boost increase with hard driving 
е Intercooler water spray and/or intercooler fan control 


When configured to measure quick throttle lifts: 
е Electronic blow-off valve control 
е Early brake light illumination (as in the QuickBrake) 


you need four connections: switched 
+12V (from ignition), +5V, signal and 
chassis. 


Circuit description 

Fig.1 shows the circuit and is almost 
identical to that of the QuickBrake. 
It uses two dual op amps (IC1 & IC2) 
and a 7555 timer (IC3). The circuit is 
designed to detect the rapid change of 
voltage from the TPS or MAP sensor 
and then switch on a relay. The relay 
then stays on for a preset period of 
time before it is switched off. 

The dual op amps are an LMC6482- 
AIN (IC1) and an LM358 (IC2) and 
these run from a +5V supply. 

The signal voltage from the MAP 
sensor or TPS is fed via a 1MQ resistor 
with a 100nF low-pass filter capaci- 
tor to the non-inverting input of IC1a. 
This operates as a unity gain buffer. 
Its pin 1 output drives a differentiator 
comprising а 100nF capacitor, 1МО 
trimpot VR1 and a series-connected 
100kQ resistor. 

The differentiator acts as a high- 
pass filter, letting fast-changing signals 
through but blocking slowly-changing 
signals. This is exactly what we want 
in order to sense the sudden change 
as the driver lifts off or shoves the ac- 
celerator down. 

The differentiator is connected to a 
+2.5V reference which is derived from 
the +5У rail with a voltage divider us- 
ing 1kQ divider resistors, bypassed 
with a 100pF capacitor. With no signal 
passing through the 100nF differentia- 
tor capacitor, the output voltage on the 
ҮКІ side of the capacitor sits at +2.5V. 

Depending on how the vehicle is 
being driven, the MAP or TPS signal 
will either be steady or decreasing or 
increasing in voltage. 

Exactly how much signal passes 
through the 100nF differentiator ca- 
pacitor is dependent on the rate of 
voltage change and the setting of trim- 
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pot VR1. VR1 sets the time-constant 
of the differentiator so high resistance 
settings for VR1 will mean that the cir- 
cuit responds to more slowly changing 
signals from the TPS or MAP sensor. 

The differentiator output is buffered 
using op amp IC1b and it provides the 
high-to-low (H/L) output. IC2a is wired 
asan inverting amplifier and it inverts 
the output from IC1b. This provides 
the low-to-high (L/H) output. 

Jumper link JP1 then selects the 
output of IC1b or IC2a. This allows 
triggering on a falling (H/L) or ris- 
ing (L/H) input signal. The selected 
signal is applied to IC2b, a Schmitt 
trigger stage. IC2b has its inverting 
input connected to a 2.27V reference 
derived using 12kO and 10КО resis- 
tors connected across the 5V supply. 
The non-inverting input is connected 
to JP1 via a 10kQ resistor. A 1MQ hys- 
teresis resistor connects between the 
non-inverting input and IC2b's output. 

With no signal passing through the 
differentiator, the voltage applied to 
the non-inverting input via the 10kQ 
resistor to IC2b is 2.5V. Since the in- 
verting input is at 2.27V, the output of 
IC2b will be high, at around +4V. This 
output goes low when the signal from 
JP1 drops below the 2.27V threshold. 
The associated 1MQ feedback resistor 
provides a degree of hysteresis so that 
IC2b's output does not oscillate at the 
threshold voltage. 


Relay timer 

1C2b’s output drives the pin 2 trig- 
ger input of IC3, a 7555 timer, via a 
1kQ resistor. IC3 is triggered when 
pin 2 drops below 1/3rd the 5V sup- 
ply, at +1.67V. 

When triggered, IC3's output at pin 
3 goes high, turning on transistor Q1 
and relay RL1. Diode D2 is connect- 
ed across the relay coil to quench the 
spike voltages that are generated each 
time transistor Q1 turns off. Q1 also 


drives LED1 via a 1.8kQ resistor to in- 
dicate whenever the relay is energised. 

Before IC3 is triggered, its pin 3 out- 
put and its discharge pin (pin 7) are 
both low. So pin 7 causes the negative 
side ofthe 100pF capacitor to be pulled 
toward OV via a 1500 resistor. 

Whenever IC2b's output goes low it 
also turns on transistor Q2, wired as an 
emitter follower. The transistor keeps 
the negative side of a 100pF capaci- 
tor tied at OV. This keeps the 100pF 
capacitor charged while ever IC2b's 
output is low. 

When IC2b’s output goes high, Q2 is 
off and the 100pF capacitor discharges 
via trimpot VR2 and the series 1kQ re- 
sistor, so that the negative side of the 
capacitor rises toward the 5V supply. 

When the negative side of the 1pF 
capacitor rises to 2/3rds of the 5V sup- 
ply (about +3.3V), the threshold volt- 
age for pin 6 is reached. 

At this point, pin 3 goes low 
and transistor Q1 and the relay are 
switched off. IC3's timing period can 
be set from around 100ms up to more 
than 100 seconds, using VR2. 


Power-up delay 

The components connected to pin 
4 of IC3 are used to provide a power- 
up delay. When the vehicle ignition 
is switched on, the DTT circuit is pre- 
vented from operating the relay for a 
short period. The delay components 
comprise a 470uF capacitor, diode D4, 
and 47kQ and 82kQ resistors. When 
power is first applied to the circuit, 
the 470pF capacitor is discharged and 
so pin 4 is held low. This holds IC3 
in reset so its pin 3 cannot go high to 
drive Q2 and the relay. 

IC3 becomes operational after about 
a second when the 470uF capaci- 
tor charges via the 82kQ resistor to 
above operating threshold for pin 4. 
The 47kQ resistor is included to set 
the maximum charge voltage at 1.8V. 
That's done so the 470uF capacitor 
will discharge quickly via diode D4 
and the 47КО resistor when power is 
switched off. 

Power for the circuit comes via the 
+12V ignition supply. Diode D1 pro- 
vides reverse polarity protection and 
an LM2940CT-5.0 automotive regula- 
tor (REG1) provides the 5V supply for 
all the circuitry, with the exception of 
the relay and LED1. 


Construction 
The DTT is built on a PCB coded 
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This design can use either a throttle position sensor or a MAP sensor (shown ringed above) - the choice is often made by the 
easiest access. On this Honda VTEC engine, the MAP sensor is obviously more accessible so it would be the better choice. 


05102161 and measuring 105.5 x 
60mm. It can be fitted into a UB3 plas- 
tic utility box that measures 130 x 68 x 
44mm, with the PCB supported by the 
integral side clips of the box. Alterna- 
tively, you can mount the PCB into a 
different housing on short stand-offs 
using the four corner mounting holes. 

Fig.2 shows the component layout 
for the PCB. The low-wattage resistors 
can be installed first. The respective 
resistor colour codes are shown in Ta- 
ble 1 but you should also use a digital 
multimeter to check each resistor be- 
fore itis installed. The diodes can go in 
next and these need to be inserted with 
the correct polarity with the striped 
end (cathode, K) orientated as shown. 

Take care when installing the IC sock- 
ets (optional) and the ICs. Make sure 
that their orientation is correct and that 
the correct IC is inserted in each place. 

REG1 is installed with its leads bent 
over at 90? so as to fit into the allocated 
holes in the PCB. The regulator is then 
secured to the PCB using an M3 x 6mm 
screw and M3 nut before its leads are 
soldered. The 3-way pin header for 
JP1 is installed now with the shorter 
pin length side inserted into the PCB, 
leaving the longer pin length for the 
jumper link. 
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The two long wire links can be in- 
stalled now and then the capacitors 
can go in. The electrolytic types must 
be installed with the polarity shown, 
with the plus side oriented toward the 
sign as marked on the PCB. The ce- 
ramic and polyester capacitors (MKT) 
can be installed with either orientation 
on the PCB. 

Install transistors Q1 and Q2 next. 
Make sure that Q1 is a BC337 and Q2, 
BC327. LED1 must be installed with its 
anode side (longer lead length) orien- 
tated as shown. The LED is normally 
just used to provide a relay-on indica- 


tion that is useful when testing, so the 
LED can be mounted close to the PCB. 

ҮК1 and VR2 can go in next. Both 
are 1MQ multi-turn top-adjust types 
and the screw adjustment needs to be 
orientated as shown. This is so that 
faster pedal movement for triggering 
set by VR1 and longer time periods 
set by VR2 are achieved with clock- 
wise rotation. 

The screw terminal blocks are in- 
stalled with the open wire entry sides 
facing outwards. The 5-way screw ter- 
minal block (CONS) consists of one 
2-way and one 3-way block which 
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Fig.2: follow this parts layout diagram, 


along with the photo at right to 
assemble the Delta Throttle Timer. 
АП external wiring connections 
are made via screw-terminal 
blocks. The LED can be mounted 
remotely (via a pair of hookup 
wires) if you wish. The two links 
(in place of the 4.70. 5W resistors 
marked on the PCB) are too long to 


be made from component lead offcuts; 


hence the call for a length of 0.7mm 
tinned copper wire in the parts list. 


are simply dovetailed together before 
installing them on the PCB. 

Finally, complete the PCB assembly 
by fitting the relay. 


Initial testing 

Apply power to the +12V and GND 
terminals of CON1 and check for 5V at 
CONI between the +5V & GND termi- 
nals. If the voltage is within the range 
of 4.85-5.15V, then this is OK. If the 
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0.7mm WIRE LINKS 


voltage reads ОУ, the 12V supply may 
have been connected with reversed po- 
larity or D1 may have been orientated 
the wrong way. 

Before doing any adjustments, trim- 
pots VR1 and VR2 should be wound 
anticlockwise until a faint click is 
heard, indicating that the adjustment 
is set fully anticlockwise. This sets 
VR1 for maximum sensitivity to sensor 
voltage change and VR2 for minimum 


relay on-time. Then place a jumper 
link on JP1 in the H/L position. 

To simulate a throttle position sen- 
sor, connect a linear 10kO potentiome- 
ter to CON2, with the outside terminals 
connected to GND and +5V and the 
wiper to the SIG (signal) input. Adjust 
the 10kQ potentiometer clockwise and 
then wind it quickly anticlockwise. 
The relay should switch on and LED1 
should light. You can now check the 
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Throttle position sensors come in a wide variety of shapes | P 


and styles - here's just a small selection we found being offered for 


sale. Unless yours is faulty (very rare) you should be able to tap across the one 
already fitted to your vehicle. If you don't know where to find the TPP, perhaps 


this is not the right project for you! 


effect of adjusting VR1 clockwise; this 
will mean that the 10kO potentiometer 
will need to be rotated more quickly 
clockwise before the relay switches on. 
VR2 can then be rotated clockwise to 
set more on-time for the relay. 


Installation 


Most modern vehicles will have a 
TPS (and possibly a MAP sensor as 
well) and so this sensor can be used as 
the signal source for the DTT. In this 
case, only the signal input terminal 
is used and isconnected to the signal 
wire from the TPS which will nor- 
mally be connected to the accelerator 
pedal. In some cases though, it may 
be located on the inlet manifold but- 
terfly valve. The connections can be 
found by checking the wiring against 
a schematic diagram and connecting 
to the wiper of the TPS potentiometer. 
Alternatively, you could probe the TPS 
wires to find the one that varies with 
throttle position. Note that some TPS 
units will have two potentiometers 
plus a motor. 

Use the potentiometer wiper output 
that varies with throttle pedal position. 
Once you have identified the correct 
wire from the TPS, you can connect 
a wire from it to the DTT PCB using 
a Quick Splice connector (Jaycar Cat 
HP-1206; packet of four). Just wrap it 
around the existing TPS wire and the 
new wire and simply squeeze it to 
make a safe connection. 

If you have an older vehicle, then it 
will not have a TPS or engine manage- 
ment. In this case, a MAP sensor can 
be used to monitor the inlet pressure. 

Using a MAP sensor for manifold 


Similarly, there’s a huge range of MAP sensors 


available (that stands for 
Manifold Absolute Pressure, 
by the way). Perhaps the 
easiest way to identify the 
MAP sensor (apart from 
any label which says so!) 

is the fact that MAP sensors 
will normally have three 
wires: +V, OV and signal. 
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pressure readings is suitable only for 
petrol engines though, not diesels. The 
5V supply provided on the DTT PCB 
at CON2 can be used to supply the 
MAP sensor. It is not critical which 
MAP sensor is used. A secondhand 
MAP sensor can be obtained from a 
wreckers’ yard. Holden Commodore 
MAP sensors are common. Alterna- 
tively, you can obtain a new one from 


suppliers such as: www.cyberspace 
autoparts.com.au/contents/en-uk/ 


43721 Holden. Map. Sensors.html 
The voltage output of a MAP sen- 


sor usually decreases with increasing 
vacuum; typically 0.5V with a com- 
plete vacuum and up to about 4.5V at 
atmospheric pressure. This is similar 
toa TPS sensor which has an output of 
about ОУ at no throttle and 5V at maxi- 
mum throttle. Note that the TPS output 
will only vary with throttle position 
when the ignition is on. And naturally 
a MAP sensor will only vary its output 
with changes in manifold pressure, ie, 
when the engine is running. 

You can now install it in your car. 
Having made the connection to the 
TPS or MAP sensor, the next step is 
to measure the output of the sensor 
and confirm that it varies over a 0-5V 
range when the throttle is moved. If 
so, install link LK1 in the “L/H” po- 
sition so that the circuit triggers with 
increasing sensor voltage (ie, for quick 
throttle presses). 

You can now connect ignition- 
switched +12V, earth and the throttle 
position signal to the DTT. Note that 
to get the throttle signal, you simply 
tap into the throttle position output 
wire — you don't need to cut it. This 


Parts List 


1 double-sided PCB, code 
05102161, 105.5 x 60mm 

1 UB3 plastic utility box, 130 x 
68 x 44mm 

1 12V DC DPDT PCB-mount 
relay (Jaycar SY-4052 [5A], 
Altronics S4190D [8A], 
54270А [8A]) (RLY1) 

1 set of Quick Splice connectors 
(Jaycar HP-1206 or similar) 

2 2-way PCB-mount screw 
terminals, 5.08mm spacing 
(CON1,CON3) 

2 3-way PCB-mount screw 
terminals, 5.08mm spacing 
(CON2,CON3) 

1 3-way pin header, 2.54mm pin 
spacing (JP1) 

1 2.54mm jumper shunt (JP1) 

2 1MQ vertical multi-turn 
trimpots (VR1,VR2) 

4 tapped spacers, M3 x 6.3mm* 

5 M3 x 6mm screws* 

1 M3 nut 

100mm length 0.7mm tinned 
copper wire (LK1 & LK2) 


Semiconductors 
1 LMC6482AIN dual CMOS 
op amp (IC1) 
1 LM358 dual op amp (ІС2) 
1 7555 CMOS timer (ІСЗ) 
1 LM2940CT-5.0 3-terminal 5V 
low-dropout regulator (REG1) 
1 3mm or 5mm red LED (LED1) 
1 BC337 NPN transistor (Q1) 
1 BC327 PNP transistor (Q2) 
2 1N4004 ЛА diodes (D1,D2) 
2 1N4148 diodes (D3,D4) 


Capacitors 

1 470ҺЕ 16V PC electrolytic 
5 100uF 16V PC electrolytic 
4 10uF 16V PC electrolytic 
3 100nF MKT polyester 


Resistors (0.25W, 195) 
2 1MQ 1 100kQ 
1 82kQ 147kQ 
1 12kQ 4 10kQ 
14.7kQ 1 1.8kQ. 
4 1kQ 11500 


*4 tapped spacers and 4 M3 
screws are not required if PCB is 
mounted іп a UB3 box. 


latter connection can be made either at 
the ECU or at the throttle body itself. 

Next, adjust both trimpots fully anti- 
clockwise - this increases the sensi- 
tivity of the DTT to throttle changes 
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and reduces the timer’s “on” time to a 
minimum. (Note that both these pots 
are multi-turn so they don’t have a 
distinct end “stop”.) 

If using a TPS, turn the ignition 
on but don’t start the car. Wait five 
seconds (remember: the DTT has an 
ignition-on reset pause), then quickly 
push down on the throttle and check 
that the relay pulls in and that the LED 
lights. The relay should then click out 
(and the LED go off) fairly quickly, so 
adjust the righthand trimpot clockwise 
and again push down quickly on the 
accelerator pedal. This time, the “on 
time should be longer. 

If using a MAP sensor, the engine 
needs to be running. 

The next step is to adjust the left- 
hand trimpot clockwise until the DTT 
responds only when the throttle is 
being pushed down with “real life” 
quick movements. That done, move 
LK1 to the H/L position and confirm 
that the DTT now responds only to 
quick throttle lifts. 

Finally, move LK1 back to the L/H 
position if you want the circuit to trig- 
ger on а rising sensor voltage. 


1MQ 
100к0 
82kQ 
47kQ 
12kQ 
10kQ 
4.7kQ 
1.8kQ 
1kQ 
1500 


оооооооооо 
-< 1.-1-44.,-..-.....70 
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Fig.3: a simplified diagram showing how to 
connect the DTT to a turbo boost bleed solenoid. 


Setting Up 

Setting up the DTT is also easy. Nor- 
mally, you'll find that driving on the 
road actually involves different speeds 
of throttle movement than used dur- 
ing the static set-up, so the sensitiv- 
ity control will need to be adjusted 
accordingly. The length of time that 
you set the timer to operate for will 
depend very much on what you are 
controlling. 


The PCB is 
designed to snap 
into the guides in a UB3 Jiffy Box. 


‘Otherwise you can use four spacer pillars and 
screws, as shown in the photo on page 42. 


Resistor Colour Codes 


4-Band Code (1%) 

brown black green brown 
brown black yellow brown 
grey red orange brown 
yellow violet orange brown 
brown red orange brown 
brown black orange brown 
yellow violet red brown 
brown grey red brown 
brown black red brown 
brown green brown brown 


The prototype was used to auto- 
matically activate the Power mode in 
an auto transmission, an easy task to 
accomplish. 

All you have to do is wire the Nor- 
mally Open (NO) and Common (C) 
terminals of the relay in parallel with 
the Power/Economy switch (this still 
allows the switch to be manually used 
as an over-ride). In this application, a 
DTT timer “on” period of about 7.5 
seconds was ideal — any longer and 
sometimes the car would hang on too 
long in third gear before finally chang- 
ing up to fourth, while lesser time pe- 
riods meant that sometimes the DTT 
would click out of Power mode while 
the driver was still pushing hard. 

Incidentally, the driveability of the 
car was transformed by the use of the 
DTT in this way — after all, it’s a bit like 
having a little man sitting on the centre 
console, ready to push in the Power/ 
Economy button every time you slam 
the throttle down fast! 

The PCB fits straight into a 130 x 68 
x 42mm zippy box, so when the system 
is working correctly, the board can be 
inserted into the box and tucked out 
of sight. sc 


5-Band Code (1%) 
brown black black yellow brown 
brown black black orange brown 
grey red black red brown 

yellow violet black red brown 
brown red black red brown 
brown black black red brown 
yellow violet black brown brown 
brown grey black brown brown 
brown black black brown brown 
brown green black black brown 
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Bench Top Power Bundle 
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COMPACT SWITCHMODE LABORATORY POWER SUPPLY 
MP-3800 


HIGH QUALITY BANANA PIGGYBACK TEST LEADS wT-5326 


90W Automatic 
Mini Car Laptop 
Power Supply mp-3334 


Charge your laptop as you drive. Compact in size NEW 
with the electronics housed within the cigarette 
TOUGH HEAVY DUTY IP67 TRUE RMS AUTORANGING DMM ie oe a ey Эшке изү $5995 
QM-1574 connectors. Output voltage 14.5 - 20VDC. 
NON-CONTACT AC VOLTAGE DETECTOR 
QP-2268 
| mmm 
95 
— -— 5022 


Single Core Conductors - 10m Rolls 
15A rated current. Total diameter is 3.3mm. Max temperature 80°C. 


RED WH-3054 
DOUBLE 
POINTS 


BLACK WH-3055 
GREEN WH-3056 


PP-4045 


ке ы МЕШ . NEW 
DP" — ене à : 
52455 (МЕМ , “. 
ІІ! y" 
Outbound Mains А ) 
Travel Adaptors : 52455 y. LU PT-4470 
WITH 4 USB SOCKETS М 9 
120A 12/24VDC Programmable y Australian apoli 
. ppliances overseas В 
Dual Battery Isolator v8-3688 е Provides 2.1A 4 USB charging ports to charge a 240V GPO Wall Plate Chassis Mount 
Designed to meet your vehicle's specific application. Tablet or Smartphone. WITH 4 X USB PS-4071 Anderson® Type Adaptors 


The Microprocessor Controlled circuit provides 
accurate monitoring, finer tuning of voltage, delay 
timer set points and more fail safe protection with 
diagnostic display. 

* 90(L) x 90(W) x 85(H)mm 


2 Outlet Workstation Centre 
WITH USB 1A SOCKET MS-4082 

Fits into a standard 60mm desk grommet. 
Minimizes desktop clutter. Features 2 surge 
protected power sockets and 1 USB port. 

© Max Current: 10A 

Surge Protected to 175 joules 

* USB Socket: 5V at 1A (below the picture but 
smaller) 


COME VISIT US AT THE MINI MAKER FAIRE 


Cataloque Sale 28 February - 23 March, 2016 


Does not convert voltage, suitable for 240V 50Hz mains. 
AUSTRALIA TO USA PP-4045 
AUSTRALIA TO EUROPE PP-4047 
AUSTRALIA TO UK & HK PP-4049 


Sy UU 


кєн Lat 


( 4 
a 


4 Outlet Power Block with 

SECURING LOOPS AND USB MS-4083 
Unique securing loops ensure plugs do not 

accidentally pull from sockets 

e 240VAC at 10А max 

* USB outlet 5VDC at 1А 

* Dust cover for USB socket 


This hardwired USB adaptor will fit into a standard 
GPO wall plate base and give 4 USB power sockets 


These products enable you to mount an Anderson? 
type plug onto a chassis frame, bull bar, etc. 


with a total of 3.1 amps. 50A BLACK РТ-4460 $19.95 


50A RED PT-4470 $19.95 

120A BLACK PT-4462 $24.95 

175A BLACK PT-4464 $27.95 

ALSO AVAILABLE: 

DUSTPROOF RUBBER BOOT FOR 50A 
PT-4474 $3.95 

PANEL MOUNT CONNECTOR 

PT-4472 $24.95 

50A CONNECTOR COVER QUICKFIT 
PT-4466 $25.95 


Weatherproof Outdoor 


Powerboard Enclosure нв-6179 
Protects 240 volt power cables from outdoor 
elements. 

* |P44 weather resistant rating. 

* Fits extra long powerboards up to 42cm long 
* Wall mountable 


E 
a 
z 
9 
ш 
с 
ш 
> 
o 
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RIVERPARK DR 
я Кел == 
Accessories not included 


19 MARCH, KIOSC @ SWINBURNE UNIVERSITY OF 
TECHNOLOGY, 369 STUD RD WANTIRNA, VICTORIA 
WWW.MAKERSFAIRE.COM.AU 


To order phone 1800 022 888 or visit www.jaycar.com.au 


240 - 115V STEPDOWN 
-  TRANSFORMERS 


50VA 240VAC to 115VAC 


Stepdown Transformer мғ-1091 
Includes overheat protection. If the unit gets too hot, 
the thermal fuse will open, then close after unit cools 
down, restoring operation. Two pin US socket on unit 
for 110V appliance and cord plug for 240V power. 
e This is not dielectrically isolated PM 
© 50V.A 


FROM 


5119 


Isolated Stepdown 


Transformers 
Fully-enclosed with fold up metal carry handles, 
approved 3-wire power cord & US style 2 pin 110 
= 115V socket. Electrically isolated between 
primary and secondary. Useable with precision 
electric & electronic appliances. Compact, 
excellent, safe and robust construction - steel case 


120W 240V - 115V MF-1080 $119 
250W 240V -115V MF-1082 $169 
500W 240V -115V MF-1084 $289 


MF-1080 


1000W 240V - 115V MF-1086 $419 


POWER SUPPLY 


13.8V Laboratory мр-з09 


Power Supply 

These power supplies are available in 
three current capacities. They use proven 
technology and are designed to give long 
service life in workshop situations. The 
range features short circuit protection on 
the output and a fused input. 

5A MP-3096 $109 

10A MP-3097 $149 


20A MP-3098 $219 


ФА 


МР-3144 | 


DOUBLE 
POINTS 


5W Ultra-Slim ~~ 


Switchmode Power Adaptors 
Incorporates a high efficiency circuit, built in EMI 
filter, short circuit protection, over current protection 
and thermal shutdown capability. 


5VDC 1A MP-3144 
6VDC 0.8A MP-3145 
9VDC 0.5A МР-3146 
12VDC 0.4A MP-3147 


549% 


& 
12VDC to 230VAC 


Electrically Isolated Inverters 
The cigarette lighter plug is fused with a 15A 3AG fuse, and the output 
is a standard 3 pin mains socket. Modified sine wave. 


150W MI-5102 $59.95 
300W MI-5104 $79.95 
400W MI-5106 $89 


Centre Tapped 1 Transformers 
9V, 1.35VA, 150MA MM-2017 $7.95 
24V, 3.6VA, 150MA MM-2018 $8.95 
12.6V CT, 1.9VA, 150MA MM-2006 $7.95 


30V CT, 4.5VA, 150MA MM-2007 $8.95 


12VDC 7.5A Switchmode 


Power Supply мр-3575 

A handy solution for powering 12V equipment such 
as car coolers, camping fridges, etc, from a mains 
AC power source. Supplied with a 1.5m output lead 
with cigarette socket output, making connection 
simple and easy. 

* Input voltage: 240VAC 

e 57(L) x 90(W) x 57(H)mm 


MI-5106 


gs 


12VDC to 230VAC 


Pure Sine Wave Inverters 
They include advanced control logic which provides standard 
protection as well as a host of additional features to provide improved 


performance and reliability under adverse conditions. 
180W МІ-5700 $249 


360W MI-5702 $319 


Multi-Tapped Transformers 
15 - 30V, 30VA, 1А ММ-2008 
6-14V, 30VA, 2А MM-2004 


MP-3242 


ie Desktop Style AC Adaptor 


Versatile switchmode power supplies in a range of 
different configurations. 


12VDC 5A MP-3242 $59.95 

19VDC 3.42A MP-3246 $59.95 
24VDC 2.7A MP-3248 $59.95 
12VDC(5 PLUGS) 5A MP-3243 $64.95 


Multi-Tapped / Dual 
Transformer 

9V - 24V, 60VA, 5A MM-2014 $27.95 
12V - 30V, 100VA, 6A MM-2015 $29.95 


120W 12VDC 10A Switchmode 


Power Supply DESKTOP STYLE 
MP-3241 

High current switchmode desktop power supply. 
Suitable for various power requirements, including 
large surveillance systems to replace a number of 
smaller plugpacks. 

• Output cable terminated to fixed 2.1mm DC plug 


DOUBLE POINTS FOR NERD PERKS CARD HOLDERS ON THESE SWITCHMODE AC ADAPTORS 


DOUBLE 
POINTS 


MP-3310 


>Р 


Switchmode Plugpacks 


WITH USB OUTLET 
Supplied with 7 plugs and a USB output socket. 


3-12VDC 600MA MP-3310 $19.95 
3-12VDC 1.0A MP-3312 $24.95 
3-12VDC 1.5A MP-3314 $29.95 
3-12VDC 2.25A MP-3316 $34.95 
9-24VDC 1-1.5A MP-3318 $34.95 


DOUBLE 
POINTS 


15W Switchmode Slim High 


Power Connectors 

Regulated output voltage, small size and higher 
power output make these AC adaptors suitable for 
thousands of different applications. 


5VDC 3.0A MP-3480 
6VDC 2.2А MP-3482 
9VDC 1.7A MP-3484 
12VDC 1.5A MP-3486 


Pd — $29 


MP-3496 


DOUBLE 
POINTS 


25W Extra High 


Power Adaptors 
* 100-240VAC 50/60Hz 

* Supplied with 7 plugs 
9VDC 3.0A MP-3496 
12VDC 2.5A MP-3490 
15VDC 2.0A MP-3492 
24VDC 1.25A MP-3494 


FROM 
$2495 
DC to DC Converter Modules 
Handy DC voltage converter modules that can step- 
up or step-down voltages so you can power your 
devices where a different power source is present. 


They feature protection against short-circuits, 
overload and over-heating. They will auto-switch off 


530% 


60W Regulated 


Car Power Adaptor mp-3478 

t powers MP3 players, games, CD players, 
appliances or anything else that requires 5 - 12VDC 
at up to 5A. Fuse protected and includes four plug 


56455 


24VDC TO 12VDC 5A Converter 


WITH USB MP-3354 

t converts 24VDC to 12VDC so that you can use 
normal car accessories designed for 12V vehicles. 
nput: 24V Cigarette lighter plug; Output: 12V 
Cigarette lighter socket 


FROM 


$7455 MP-3063 
24VDC to 12VDC Converters 


These converters have switchmode technology for 
ight weight and compact design, and come in a 
range of current ratings up to 40 amps. 


10A MP-3061 $74.95 


adaptors to suit most popular devices. 
* Selectable voltage: 5, 6, 9 & 12VDC 


20A MP-3063 $119 
40A MP-3066 $149 


in the event of overheating. 

1.5A STEP DOWN AA-0236 $24.95 
2А STEP UP AA-0237 $29.95 

1.1A STEP DOWN AA-0238 $24.95 


Maximum rated current: 5A. 


POWER PANEL METERS POWER PROTECTION 


Digital Power Meter 


DOUBLE 
POINTS 


$1 7% 


Battery Discharge 


Protector 44-0262 

Protects your car battery from total discharge by 
switching off appliances such as fridges and TV sets 
before the battery voltage drops to an unrecoverable 
level. When battery voltage is re-established by 
recharging, it switches appliances on automatically. 
* Operating voltage: 12VDC 

* Max. switching current: 20A 

* Interrupting voltage: 10.4 - 13.3VDC 

* 87(L) x 60(W) x 32(H)mm 


MS-6172 
Digital DC Power Meters 


An ideal addition to any low voltage DC system this 
digital power meter features real time display of the 
voltage, current draw, and power consumption 


0-20A WITH INTERNAL SHUNT 
MS-6170 $89.95 


0-200A TO SUIT SOMV EXTERNAL SHUNT 
MS-6172 $89.95 


ALSO AVAILABLE: 
USB DATA ADAPTOR MS-6174 $99.95 


DOUBLE 


Self-Powered POINTS 


LED Panel Meters 

Simple 2 wire connection for voltage readout 
Auto zero calibration and easy to read red 
LED display. Give your next project a truly 
professional look. Cutout size 42 x 23mm. 
8-30V VOLTMETER QP-5586 $24.95 


0-50A AMMETER QP-5588 $39.95 


Surge Protected Mains 


Double Adaptor with 2 X USB 


PORTS PP-4037 

Provides 2 x mains sockets and 2 x USB 
sockets. Features a green grounded LED and 
red protected LED. Surge protected. USB socket 
output: 5V at 1A Voltage: 230-240VAC. 91(W) x 
72(W) x 55(D)mm 


DOUBLE POINTS FOR NERD PERKS CARD HOLDERS ON THESE POWER ACCESSORIES 


—!" 


| DOUBLE 
$3495 DOUBLE dX ^" —— POINTS 
POINTS P FROM " қым еге 
9 н [T 25%, 2 Jin pnm qmm 
12VDC 8A Dimmer ти» та 5 


RD PERKS 


General Purpose Power Cables 


FLEXIBLE LIGHT DUTY Suitable for general purpose wiring. 13x 
0.12mm. PVC insulation. 0.6A rated current. WH-3016 $0.25/M 


HEAVY DUTY Suitable for 250V wiring. 24 x 0.2mm. 
PVC insulation. 7.5A rated current. WH-3040 $0.5/M 


EXTRA HEAVY DUTY Suitable for 250V wiring. 32 x 0.2 mm. PVC 


/ Motor Speed бойго ume 

The pulse width modulation (PWM) used in this controller allows 
you to vary the output from 0 to 10096 while maintaining a very high 
efficiency. When used on motors this ensures full torque is available 
at very low speed and the motor won't shudder at start-up. Operates 
on any 12VDC system and capable of controlling devices rated at up 


to 8 amps. insulation. 10A rated current WH-3052 $0.70/M 
© 95(L) x 47(W) x 26(H)mm 
pm DOUBLE POINTS ON DOUBLE 
ax Y ALL POWER CABLES POINTS 
( : EARN A POINT FOR EVERY DOLLAR SPENT AT ANY 
— JAYCAR COMPANY STORE' & BE REWARDED WITH 
51 — А $25 JAYCOINS CASH CARD ONCE YOU REACH 
DE 500 POINTS! conditions apply yebsite for T&Cs 
Stainless Steel DOUBLE 
: POINTS 
Wire Stripper, Cutter, Pliers 


AC Mains Cables 
TWO CORE MAINS FLEX 7.5A WB-1560 $1.25/M 
THREE CORE MAINS FLEX 10A WB-1562 $2.50/M 


TH-1841 

High quality precision stripper/cutter. Spring-loaded with locking 
jaws, rubber handles for added comfort. Cuts wire up to 3.0mm. 
Strips wire up to 2.6mm. 


SIGN-UP IN-STORE OR ONLINE TODAY BY VISITING: 
www.jaycar.com.au/nerdperks 


To order phone 1800 022 888 or visit www.jaycar.com.au See terms & conditions on page 8. 


LIFEPO4 BATTERIES 
— á 


1.2A Rechargeable Ni-MH Battery Panasonic Eneloop Ni-MH 1.2V 2000mAH 


\ FROM Nickel Metal Hydride (Ni-MH) batteries offer superior This range of Panasonic eneloop batteries have 
y features to Nickel Cadmium batteries. numerous advantages over regular rechargeables. They 
4 58-2317 $995 * No memory effect include low self-discharge, they are pre-charged so can 
e Higher current capacity than Ni-Cd batteries be used right out of the packet, and can be recharged up 

3.2V LIFEPO4 қ . High drain PI to 1800 times. After 5 years of storage they will retain 
Rechargeable Batteries NIPPLE CONNECTION: i 70% of their capacity once fully charged. A far more 
Lithium iron phosphate (LiFePO4) is а more chemically ` SB-1706 environmentally friendly option than churning through 
stable type of lithium rechargeable cell that is becoming AA 2000MAH SB-1706 $4.25 1 dozens of alkalines 


increasingly popular, due to increased safety and longer AA 2000MAH 4 PACK SB-1737 $15.95 2000MAH AA 2 PACK SB-2930 $16.95 


cycle life over traditional Li-ion cells. AAA 900MAH 4 PACK SB-1739 $10.95 2000MAH AA 4 PACK SB-2931 $29.95 { 
14500 600МАН 58-2305 $9.95 SOLDER TABS CONNECTION: F 800MAH AAA 2 PACK SB-2932 $16.95 | єном 
18650 1600MAH SB-2307 $17.95 AA 2000MAH SB-1708 $4.45 $425 800MAH AAA 4 РАСК 58-2933 $32.95 | $4695 
26650 3000MAH SB-2317 $24.95 


Panasonic XX High Capacity 


LI-ION BATTERIES Eneloop Ni-MH 1.2V 


1.2V Ni-MH For even more demanding applications the 
Panasonic XX High Capacity range are perfect. 
Rechargeable Batteries Can be recharged 500 times, and will retain 75% 
D 9000MAH NIPPLE 2 PACK of their capacity after a year in storage. They can 
SB-1734 $44.95 also be used in sub-zero temperatures (-20°C) ; 
C 4500МАН NIPPLE 2 PACK without issue E 


938 


900МАН AAA 4 PACK SB-2938 $39.95 


Rechargeable Li-ion Batteries 58-1733 $22.95 
SB-1734 2500МАН AA 4 РАСК SB-2936 $33.95 


Choose between nipple or solder tabs to make 
into battery packs for replacement or new projects. 


NIPPLE CONNECTION: 

14500 800MAH 3.7V SB-2300 $9.95 

18650 2600MAH 3.7V SB-2308 $19.95 BATT LITHIUM HALF AA 900MAH NIPPLE SB-1770 $11.95 

26650 3400МАН 3.7V SB-2315 $24.95 1/2AA 3.6V HALF AA 900MAH AXIAL LEAD SB-1771 $13.95 

SOLDER CONNECTION: High capacity batteries used in computers to retain АА 2000MAH NIPPLE SB-1774 $16.95 

14500 800MAH 3.7V SB-2301 $10.95 date, time and configuration information. Also AA 2000MAH AXIAL LEAD SB-1775 $18.95 

18650 2600MAH 3.7V SB-2313 $21.95 useful for long shelf life or fitting into difficult or 2405 
E а sealed a . Up to 10 t life. 

26650 3400MAH 3.7V 58-2319 $25.95 METTUS 11 


Batteries not 
included, 


Universal Programmable 


Balanced Battery Charger 
2 Hour Fast Charger for AA/ Smart Battery Charger TEN y g 
Universal Ni-Cd/Ni-MH Batter AAA Ni-MH Batteries 8-3549 М-00 а NI-MH мв-з551 Charges Li-lon, Li-Po, М-С, Ni-MH and lead 
niversa y Utilises Delta V voltage detection. Charges batteries Chargers up to 10 x AA or AAA cells and 2 x 9 acid batteries. Li-Po batteries are balance-charged 
Charger WITH CUT-OFF M8-3514 to optimal level. Charge state can be monitored volt batteries. Uses Delta V sensing to achieve so there's no risk of damage or explosion from 
e Recharges: ААА, АА, C , D and 9V batteries on the integrated electric blue LCD. Includes car the maximum charge. A maximum charging timer ^ incorrect charging. Programmable charging 
eCutofffundion ` cigarette lighter and mains charger cords. protects against overcharging & individual LEDs ^ — process. Charging of each individual cell can be 
• Д IS vario binations of batteries * 1150mA charging current for AA batteries show battery status. monitored on the LCD screen. Powered by mains 
" 19900 A00) x46(H mm. она © 600mA charging current for AAA batteries * Mains power & 12V car adaptor supplied plugpack or a 12V battery (or any other DC source 
A ^" * 105(L) x 68W) x 30(H)mm © 220(W) x 40(H) x 115(D)mm from 10 - 18 volts). 132(L) x 82(W) x 28(H)mm. 
BATTERY TESTERS 
Batteries not included. кэ, 
РН-9260 ым 
$1 395 М 
FROM 
DOUBLE DOUBLE DOUBLE 
POINTS : POINTS POINTS 
Battery, Bulb All in One AA Battery Holders AAA Battery Holders 
and Fuse Tester ор-2252 Battery Tester op-2253 2XAA SIDE BY SIDE PH-9202 $0.95 youe in n with corrosive resistant nickel 
Tests AAA, AA, C, D (1.5V) & 9V batteries and Can test standard AA/AAA/C/D/QV batteries, button 2XAA SWITCHED BATTERY ENCLOSURE 450 Springs and studs 
indicates their power level. It checks bulbs and cells and lithium batteries such as those used in PH-9280 $2.45 1 X AAA PH-9260 $0.80 
fuses, giving a 'good' or 'replace' indication, and digital cameras. 2X AAA PH-9226 $1.45 


will also test larger 1.5V button batteries like the 
LR-44. Requires 9V batteries. 
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Powertech Monocrystalline Solar Panels 
The panels are fitted with a waterproof junction box, UV stabilized output cables 
and bypass diodes to withstand harsh environments. 


12V 20W ZM-9094 $69.95 
12V 40W ZM-9095 $129 
12V 80W ZM-9097 $269 
12V 120W ZM-9085 $329 
12V 145W ZM-9087 $399 
24V 200W ZM-9088 $559 


12V Semi-Flexible Solar Panels 

These monocrystalline solar panels can be easily mounted on the curved surfaces of 
your boat deck or caravan to charge on-board batteries. The flexibility of the solar cells is 
limited by the plastic base but will easily bend on the long axis to accommodate a yacht 
deck or RV roof. It is slightly flexible on the short axis. 


40W ZM-9152 $199 
100W ZM-9154 $429 
180W ZM-9156 $749 


ZM-9097 


25 YEAR 
WARRANTY 


T&Cs apply 


FROM 
56055 


ZM-9152 


ZM-9095 


5199 
SOLAR CONNECTORS AND CRIMPS 


VALUED AT $94.90 

BUNDLE INCLUDES: 
> 1X WATERPROOF SOLAR POWER “PV” 
CONNECTOR 4MM FEMALE PS-5100 $7.50 


Anderson® 50A 


ұз». 
Toli] (FF 


NERD PERKS CLUB 


Power Connectors йы 1X WATERPROOF SOLAR POWER “PV” rig 
Used widely in both domestic and industry, you'll And 6 120A PT-4424 CONNECTOR 4MM MALE PP-5102 $7.50 $ 90 
find this connector in many 4WD applications, nderson QUICK CHANGE RATCHET CRIMP TOOL 

boating, automotive and other industries. Supplied & 175A Power Connect 

as a moulded 2 pole with contacts ower Connectors TH-2000 $49.95 SAVE $35 


Used widely in both domestic and industry. 
Supplied individually with a pair of contacts. 
600V (AC or DC). 


120A PT-4422 $19.95 
175A PT-4424 $29.95 


50A, 600V (AC or DC). 

WITH 8 GAUGE CONTACTS РТ-4425 
WITH 10-12 GAUGE CONTACTS PT-4427 
WITH 6 GAUGE CONTACTS РТ-4420 


QUICK CHANGE CRIMP TOOL DIES - . E 
PV TO SUIT TH-2000 TH-2010 $29.95 r ) 
ALSO AVAILABLE: Pe é 2 


SOLAR SYSTEM CABLE FROM $4.20/M 
SOLAR PANEL CONNECTORS 
- DOUBLE POINTS 


PP-5106 


FREE FUSE AND HOLDER FOR 
NERD PERKS CARD HOLDERS’ 


57-2016 2200 
Valid with pi > of АА-0348 


DOUBLE 
POINTS 


$Z-2016 VALUED AT $3.50 
SF-2200 VALUED AT $0.40 


12V 5A Battery 


Charging Regulator 

FOR SOLAR PANELS AA-0348 

Ideal for charging 12V SLA batteries from solar 
panels up to 60 watts. 5 amp fuse and fuseholder 
recommended - not supplied. 

* <3.9mA (LEDs on) own power consumption 

e 72(W) x 50(D) x 43(H)mm 


Solar Charge Controllers 

This unit is capable of handling all of your solar 
charging requirements and protects your battery. 
It has an array of features including adjustable 
charging voltage, automatic dusk-till-dawn on/off, 
overload protection, etc. 

See our website for details 

12V 8A WATERPROOF MP-3720 $64.95 
12V 20A MP-3129 $179 

24V 20A MP-3724 $199 


12V 30A MP-3722 $219 


12V/24V 30A MPPT Solar 


Charge Controller wp-3735 
Maximum Power Point Tracking technology uses 
DC to DC conversion and electronic smarts to 
extract the absolute maximum charging power 
from your solar panels. Gives you an extra 10-40% 
from your solar panels compared to a normal PWM 
charge controller. 

e 3-stage charging 

* LCD display 


DOUBLE POINTS FOR NERD PERKS CARD HOLDERS ON THESE SOLAR PANEL ACCESSORIES 


240VAC High Current 2450 
Circuit Breakers uy 
DIN rail mounted circuit breakers € 


suitable for solar applications. 
Electrical safety authority approved. "T" 


10A SINGLE POLE 5Ғ-4150 
16A SINGLE POLE SF-4151 
20A SINGLE POLE 5Ғ-4152 
32A SINGLE POLE SF-4153 


че 


DOUBLE 
POINTS 


To order phone 1800 022 888 or visit www.jaycar.com.au 


DOUBLE 
POINTS 


Re 


Aluminium Solar Panel Angle 


Mounting Bracket н5-8785 
Mounting a single solar panel allows you to tilt the 
panel to your desired angle. 

e Holes pre-drilled to line up with 80W panels 

• Supplied with full stainless steel hardware 


DOUBLE 
POINTS 


FROM 
509: 4% 


57-2090 7% 


Power Distribution Posts 
WITH BRIDGE PLATE 

Heavy duty stainless steel posts mounted on a 
moulded plastic base. 


SINGLE M10 52-2090 $9.95 
TWIN М8 57-2092 $11.95 
TWIN M6 POWER 57-2094 $11.95 


See terms & conditions on 


Waterproof Solar 


Power PV Connectors 
IP67 rated for maximum environmental 
protection. 

% 1000VDC rated voltage 

* 30A at 70°С, 25A at 85?C rated current 


4MM FEMALE INLINE Р5-5100 

4MM MALE INLINE PP-5102 

6MM FEMALE PANEL MOUNT Р5-5104 
6MM MALE PANEL MOUNT РР-5106 


Solar Panel 


'Y' Leads 

2 PLUG TO 1 SOCKET 
Used for connecting the output 
of two solar panels in parallel or 
connecting multiple panels 

in an array. Waterproof and UV 
resistant. 


2 SOCKET TO 1 PLUG 


5192 


Р5-5110 
2 PLUGS TO 1 SOCKET 
PS-5112 
DOUBLE 
POINTS 


Р5-5110 


ARDUINO PROJECT FOR NERD PERKS CARD HOLDERS 


Features include: 
* Adjustable test current. 
* Displays LED Forward Operating voltage. 


* Calculates ideal resistor & gives cat. number for a design voltage and current. 


* Only 3 discrete components to be soldered. 


* Detachable shields - pull it apart & use for other projects. 


PROJECT BUNDLE: 


VALUED AT $62.55 
BUNDLE INCLUDES: 
DUINOTECH CLASSIC (UNO) ХС-4410 $29.95 


ARDUINO® COMPATIBLE PROTOTYPING BOARD SHIELD XC-4482 $15.95 
ARDUINO® COMPATIBLE 2 X 16 LCD CONTROLLER MODULE XC-4454 $14.95 
100HM 1/2 WATT 1% METAL FILM RESISTORS - PK.8 RR-0538 $0.55 
100HM 1/2 WATT 1% METAL FILM RESISTORS - PK.8 RR-0524 $0.55 
470UF 16V RB ELECTROLYTIC CAPACITOR RE-6194 $0.60 


Arduino? Compatible DC - DC 


Stepdown Module xc-4514 

This moduleaccepts any voltage from 4.5 - 35VDC, 
and outputs any lower voltage from 3-34V.Output 
is adjusted via a multi-turn potentiometer. Use it 

to run your 5VDuinotech projects from a 6v, 9v or 
even 12v Supply. 


ARDUINO® 


Arduino® Experimenters Kit 
XC-4262 

Learn about the exciting world of Arduino® with these 
easy to build projects. From flashing LED to moving 
things with a servo. Complete with instructions and 

a supporting web page and software examples. No 


soldering required. 
B= 
wa 


ак 93 
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$129 


Deluxe Modules Package 
XC-4288 

Get more savings by purchasing this 37 modules- 
in-1 pack. Includes commonly used sensors and 
modules for duinotech and Arduino®: joystick, 
magnetic, temperature, IR, LED and more. 
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Arduino® Compatible RF 


Transceiver Module xc-4522 

This module adds a versatile 433MHz radio to 

your Duinotech project allowing two-way wireless 
communication between Duinotechs. Controlled via 
SPI. Prewritten libraries available. 

* Includes antenna. 

* 32(W) x 19(L) x 19(H)mm (Excluding antenna) 


Stackable Header Set 
HM-3207 

The perfect accessory to the ProtoShields 
and vero type boards when connecting to 
your Arduino® compatible project. 

• 1 x 10-ріп 

• 2 х 8-ріп 

e 1х 6-ріп 

e 1 х 2x3-pin (for ICSP) 


DOUBLE 
POINTS 
Light Dependent 
Resistor (LDR) 
Cadmium Sulphide (CdS) light 
dependent resistor cells suitable 


for all your light-sensitive 


projects. 
2.8K OHM TO 8.4K OHM 
RD-3485 


48K OHM TO 140K OHM 
RD-3480 


Follow us at facebook.com/iavcarelectronics 


NERD PERKS OFFER 
ADVANCED BUNDLE 


549% 


SAVE OVER $12 


DOUBLE 
POINTS 


LeoStick xc-4266 

A tiny board small enough to plug straight to 

the USB port without requiring a cable. Features 
ATmega32u4 MCU with 2.5K RAM and 32K Flash. 
Analogue & digital 1/0 

* User-controlled RGB LED 

* 9(W) x 19(H) x 8(D)mm 

ALSO AVAILABLE: 

LEOSTICK PROTOTYPING SHIELD 
XC-4268 $9.95 


DOUBLE 


Resistor Pack POINTS 


` 300-PIECES RR-0680 


This assorted pack contains 5 of virtually each value 
from 100 to 1МО. 

• 0.5W 1% mini size metal film 

See website for full contents. 


DOUBLE 
POINTS 


Economy Breadboard 


Jumper Kit 5 COLOURS wH-3032 

Solid core hookup cable, which is the ideal size for 
breadboards. All you need to do is cut it to whatever 
lengths you require and strip the ends. 

* Includes 2m of each colour 

Colours may vary from time to time. 


SEE STEP-BY-STEP INSTRUCTIONS ON 
www.jaycar.com.au/diy-arduino-led-tester 
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Completed project. 
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DuinoTECH Classic (UNO) 
XC-4410 

ATMega328P Microcontroller. Powered from 
7-12VDC or from your computers USB port. 
5VDC Regulated via USB port or 5V pin. 

e 75(W) x 53(L) x 13(H)mm 


ARDUINO? COMPATIBLE 


DOUBLE 
POINTS , 


Light Duty Hook-up Wire Pack 
8 COLOURS WH-3009 

Quality tinned hook-up wire on plastic spools. 8 
rolls included, each roll a different colour. 

e 25m on each roll 


f DOUBLE 
POINTS 


Breadboard Jumper Kit 

PB-8850 

This kit consists of 70 pcs of single core sturdy 
wire which has been stripped on each end and 
bent at right angles. They are specifically made for 
breadboards. Supplied in a plastic box for easy 
storage. There are 5 pieces each of 14 different 
lengths. 


Cataloaue Sale 28 February - 23 March. 2016 


$1 995 


Arduino® Compatible 


Arduino® Compatible Line 
Trace Sensor Module xc-4474 Тиінге Sensor Module 
Arduino® Compatible This module measures the reflectivity ofa surface: т. yersatile1-wire bus temperature sensor 


® 1 with an infrared emitter/detector pair. The output Е 
Arduino Compatible Infrared Temperature Sensor Module goes to high whenever the reflectivity exceeds the ДЕ lea apad жт а М. 
Receiver Module хс-4427 XC-4494 threshold value, which can be adjusted with the y p projeuts. 


Я 72) 4 f , , 3 for building your temperature-sensitive projects or 
Receive data sent via infrared, this module can read This module provides a simple way to measure onboard potentiometer. even add on to your home automation system or 


$795 


the signals sent by most IR remote controls. temperature. The module outputs an analog voltage • Output electrical level signal: Active Low ЕТ D 
© Operating Voltage: 5SVDC that varies directly with temperature. Connect it * VCC/OUT/GND pin connector peri аы -55°C - «T25"C 
• 28(L) x 15(W) x 2(H)mm straight to one of your DuinoTECH analog inputs. ^ e Power Supply: 2.5-12V Їй stock. Not available onih 

e Operating voltage: 5У0С • Working current: 18-20mA at 5V аачый 

• Мах 100°С 

• 21cm Breakout cable included 


© 33(W) x 22(D) x 9(H)mm 


~ 
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Arduino® Compatible 8 x 8 3.2” LCD Touchscreen 
RGB LED Matrix Driver Module Display Kit For ARDUINO® xc-4280 


ж v 4 
= 459 


Місгорһопе Sound Sensor Arduino? Compatible XC-4498 | | | Add an interactive touchscreen display to your 
A full colour RGB display driver designed to existing Arduino® projects. Draw lines, shapes, 

Module хс-4438 Temperature Sensor Module drive a tri-colour 8x8 dot matrix. Driven by an text, display images, play sound and log data to 

Our range would not be complete without a XC-4432 ATMega328p (The same chip as the Arduino®), this MicroSD card. Includes LCD display, 4D Arduino® 

microphone sensor module. This unit is highly Measure both temperature and humidity with this ^ module communicates with your project via І2С. Adaptor Shield, 5-way interface cable and USB 

sensitive with the added advantage of having nifty module. Full digital operation so по analog to ^ Alternatively, use an ICSP programmer (XC-4237) Programming adaptor with pre-loaded software. 

two outputs. An analogue output for real time digital calibration is required. to flash your own firmware and the device no longer * Operating voltage: 4.5 - 5.5VDC 

microphone voltage signal, and a digital output * Temperature Range: -40 °C - 80 °C +/- 0.5 °C requires an external controller. © Screen display area: 64.8 x 48.6mm 

for when the sound intensity reaches its threshold. — e Humidity Range: 20 — 90% +/- 2% е Operating Voltage: 5VDC • Screen resolution: 240 x 320 pixels 

Great to turn your Arduino® into a voice recorder ^ Sample Rate: 0.5Hz • 66(L) x 60(W) x 12(H)mm e 65K True to life colours 

or VOX. • 52(W) x 20(L) x 13(H)mm Limited stock. Not available online. 


* 5VDC operational voltage 
* Sensitivity potentiometer adjustment 
• 43(L) x 16(W) x 13(H)mm 


Limited stock. Not available online. 
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Ех i Arduino? Compatible Logic Compass Magnetometer RGB LED Cube Kit 4x4x4 
Arduino® Compatible Level Converter Module xc-4486 Module xc-4496 FOR ARDUINO® XC-4274 
Amplifier Module xc-4448 It provides two bi-directional channels to safely This module allows you to take accurate compass This stunning 3D-matrix of 64 RGB LEDs connects 
This remarkably small module provides a complete marry 3.3V with 5.0V. Drops straight into solder- bearings, no matter how it is orientated. Easily directly to your Arduino®-compatible board so you 
2 x 3W stereo audio amplifier. Ideal for driving less breadboard or can be soldered into your own interfaced via 120. can produce mesmerising light shows controlled 
small speakers and earphones. Requires no external PCBs. e Operating Voltage: 5VDC by software. 
components. * Two bi-directional channels * Resolution: 12bits * 4x4x4 matrix of individually addressable 8mm 
* Operating Voltage: 2.5-5.5VDC * 12-pin DIL package © Includes 5V - 3V level shifter. RGB LEDs 
* 23(W) x 16(D) x 2(H)mm • 35(W) x 31(D) x 21(H)mm © 20(L) x 16(H) x 5(H)mm © 106(W) x 130(H) x 106(D)mm (assembled) 


AA-0223 
J 3295 


Multi-Voltage Universal Amplifier Modules 24-12/ ЗА Converter Module — 12V ЗА Timer Module 
Regulator 1.5A 44-0372 1 CHANNEL M038 44-0266 2 SECONDS TO 23 MINUTES AA-0364 

This module is a low-powered DC converter for Ideal as a bench-test amplifier for audio sources, Many trucks and boats use 24V systems. These A versatile and useful timer module that can be set 
many applications. Just plug its input into your or even as а mono headphone amplifier, this small ^ converters will allow you to run a reasonably sized 107 periods of 2 seconds to 23 minutes. The start 
PC's internal power supply cable and get selectable audio amplifier can be operated from 4.5 V up to 12 — 12V car-stereo or other devices from a 24V supply. and stop functions are controlled by simple switch 
regulated voltage out from 3 to 15VDC*. Output VDC. Use two for stereo. Heatsink (not included) should be used for superior inputs and the relay output can control a device of 
current capability is around 1.5 amps. 3.5W AA-0223 performance. Features include: short-circuit up to 25VDC at 3A. 

© 63(L) x 24(Dia.)mm 12W AA-0225 protection and thermal cut-out. e Operating voltage: 12-15VDC 


• 90x 60x 34 mm © 87(L) x 60(W) x 30(H)mm 


Magnetic Reed Switch Module Dual Mains Adaptor "a 


ХС-4476 WAS $7.95 | | WITH NIGHT LIGHT PP-4039 WAS $9.95 ) SPECIAL 
A simple to use reed switch module, output will Leave a night light on without wasting a power point. LI $495 
turn whenever the reed switch is in proximity to a Light sensor for automatic on/off. Ж... — 
magnetic field. Useful for door security. Limited stock 7% \ SAVE $5 


Operating voltage 3-5VDC 


* Digital output SPECIAL 
• 16mA comparator output capacity 4 ; As: $475 
© 37(L) x 15(W) x 23(H)mm m Master / Slave Powerboard 
Limited stock. жж SAVE40 | — WITH AUTO OFF 
22 MS-4080 $39.95 2 : 7 mm 
ti It features an auto power-down i АУ i011 mo e 
"P А is feature where the 'auto' sockets | 

Rechargeable Battery Lithium-ion { | БЕ | SPECIAL 
98-2303 WAS $9.95 turn off after 60 minutes. If no E ^P SR a 


SPECIAL IR signal is detected within 55 
$795 minutes an LED will indicate that it 
will shut-down in 5 minutes time. 


53485 


SAVE $5 


Universal Lithium-ION "14500" size battery, 3.7V 750mAh. Similar in 
Size to an AA battery. Suitable for LED torches and other applications. 
Limited stock. 


SAVE 20% 


USB Voltage 12VDC & 240VAC 
and Current Tester Battery Charger 
XC-5074 WAS $24.95 WITH LCD DISPLAY MB-3545 WAS $59.95 


This device displays the voltage and current that 


Ni-Cd & Ni-MHRecharge up to 4 x AA, AAA, C, D and 


your USB powered device uses. 2 x 9V Ni-Cd or Ni-MH batteries together for a total of SPECIAL 
* Voltage Range: 3-6V SPECIAL 6 batteries. Using Delta V voltage detection and cut-off, Aas $4995 
* Current Range: 0-3A $1 Q95 | | batteries are never overcharge. With LCD display. 
• 78(L) x 36(W) x 17(D)mm i SAVE $10 

z Limited stock. _ SAVESIU | 
Limited stock. SAVE 20% 


80W Portable 


Fold-Up Solar Panel 
ZM-9130 WAS $399 


17V AC 1.25 A Plugpack 
WITH EARTH CONNECTION MP-3022 WAS $24.95 
Similar to our standard alarm supply, except that this has 


the earth pin wire connected. This is used for alarm panels Features 10m output lead with Anderson, alligator 
that have an inbuilt dialler, as Austel require earthing due or eye terminal connections, has the charge | { Leit 
to it being connected to the telephone system. SPECIAL controller included so you can connect directly to ЕЕ Sis E SPECIAL 
* Terminated with bare ends $1 735 your battery without fear of over-charging, andis Ё i t- $349 
e Safety approval number: N13057 supplied with a durable nylon carry bag. і t | 

Limited stock. Not available online. SAVE 28% Limited stock. _ $АЧЕ$50 — 
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PRODUCT SHOWCASE 


300MHz-3.8GHz Software Defined Radio 


.Nuand, of Rochester, New York, 
have appointed Silvertone Electronics 
of Wagga Wagga, NSW as a distributor 
of their bladeRF line of products. 


These fully bus-pow- 
“= ered USB 3.0 SuperSpeed 
қ. Software Defined Radios 
Фу measure just 125mm x 

2 87mm. Independent 
= RX/TX program- 
mability with 12- 
PÀ bit 40MSPS quad- 
rature sampling 
makes them capable 
of achieving full-duplex 22MHz 
channels, the on-board 200MHz 
ARM9 with 512KB embedded SRAM 
(JTAG port available) gives extraordi- 
nary flexibility. 

They are 2x2 MIMO configurable 
with SMB cable, expandable up to 
4x4 and have modular expansion 


PCBCART enables your innovation from concept to reality 


PCBCART, an exclusive custom 
PCB fabrication and assembly service 
provider from China, is becoming a 
key supplier for worldwide design 
engineers and experts from Industry's 
high-end equipment manufacturers 
and Maker community. 

With expertise and experience in the 
PCB manufacturing industry over 10+ 
years, PCBCART enables numerous 
engineers to make their innovation 
a reality. 

Here are the benefits of picking PCB- 
CART as a PCB production partner: 


е From rapid prototyping and mass pro- 
duction, they have got you covered. 
Specialising in fabricating a wide 
range of PCBs, including HDI PCB, 
high-Tg PCB, thick copper PCB, hal- 
ogen-free PCB as standard options 
and more specialist capabilities like 
flex PCB, aluminum base and Rogers 
РСВ, PCBCART is a one-stop shop 
for all PCB fabrication needs. 

* They can handle small quantity, full 
turnkey assembly requirements. 
Quality and project excellence are 
guaranteed — they are committed to 
adhering to the strictest standards 
during production. Their skilled staff 
has been working on PCB manufac- 
turing for over a decade. Clients can 
rely on file recheck, quick response, 
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PCBCART ^ 


flexible solutions and high perfor- 
mance PCBs. 

• PCBCART has its own procurement 
channels and manufacturing base, 
which makes it possible to simplify 
project sourcing process, avoid multi- 
supplier interaction and save clients 
time and money. 

* Located in China, it can offer a 
lower price on equal or higher qual- 
ity service than suppliers from other 
countries. 


These advantages make PCBCART 
a preferred and reliable provider for 
quality PCBs at a cost-effective price. 


As a welcome gift, PCBCART is of- 
fering new customers 15% discount, 
(up to $200 OFF) on their first PCB 
order at any cost. Visit their website 
for more information. 


Contact: 
PCBCART 
Floor 3rd/Ath, Building #1, NO.163 


Wu Chang Road, Yu Hang District, 
Hangzhou, China 310023 

Tel: +86 571 87013819 

Web: www.pcbeart.com 


for adding GPIO, Ethernet, 1PPS sync 
signal and expanding frequency range 
(through an available transverter board) 
and power limits. 

The system is supported by stable 
Linux, Windows, Mac and GNURadio 
software packages. 

This hardware is capable of oper- 
ating as a spectrum analyser, vector 
signal analyser, and vector signal gen- 
erator as well as anything from simple 
FM audio to the latest 4G LTE standard. 


Contact: 

Silvertone Electronics 

1/8 Fitzhardinge St, Wagga Wagga NSW 2650 
Tel: (02) 6931 8252 

Web: www.silvertone.com.au 


Microchip’s 12, 14 & 16 bit 
200 Msps A/D Converters 


In addition to delivering the speed and 
accuracy needed for high-precision meas- 
urements of fast input signals, Microchip’s 
new ADCs provide industry-leading low- 
power consumption and integrate digital 
processing features that simplify system 
design and reduce cost. 

Microchip’s MCP37DX1-200 and 
MCP372X1-200 Analog-to-Digital 
Converters(ADCs) offer a choice of a 12-, 
14- or 16-bit pipelined A/D converters 
with sampling rates of up to 200 Msps 
and power consumption down to 490 mW 
with LVDS digital 1/0. 

Additional power-saving features enable 
standby power of just 80 mW and 33mW 
in shutdown mode. 

High integration allows a range of digital 
processing features to be integrated into 
the 124-lead VTLA packages. 


Contact: 

Microchip Technology Australia 
Tel: (02) 9868 6733 

Web: www.microchip.com 
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SERVICEMAN'S LOG 


Sorting my quake-damaged workshop 


I absolutely love test equipment and have 
recently been given some very nice test gear by 
a friend who's just retired. Fortunately, I now 
have somewhere to stash this gear, having just 
got my quake-damaged workshop properly 
sorted out and functioning again. 


NE THING that makes being a ser- 

viceman so much fun is that we 
get to have a cool workshop to hang 
out in. There are as many different 
workshops as there are servicemen 
and I always find it fascinating to take 
a look at the workshops of other peo- 
ple I meet in the industry. 

I especially like to check out what 
tools and gadgets they have, to find out 
whether similar tools could be used in 
my workshop to make my job easier 
(or would just be cool to have). 
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А good friend of mine, who was іп- 
volved in 2-way radios, has just retired 
and he and his wife are now looking 
to down-size the family home into 
something more manageable for a re- 
tired couple. And that means he must 
clear out his workshop. 

His man-cave is a particularly inter- 
esting place for me to visit. His hob- 
bies have involved all things to do 
with radio and his collection of radio- 
controlled aircraft, especially rotary- 
wing models (helicopters to the unini- 
tiated), is quite impressive. 

To say that this guy's single-garage- 
sized workshop is packed to the rafters 
would be an understatement. Chop- 
pers and fixed-wing models in various 

states of repair hang both above and 

below the rafters, requiring those of 

us taller than about 5-feet 5-inches 

(1.65m) to walk slightly stooped 

to avoid taking out an eye out 

on an errant skid or a piece 
damaged landing gear. 

The floor is covered 

with pretty much the 

same blend of mod- 

els, half-built kit-sets 

and associated gear. 

All that’s left uncov- 

ered is a well-beaten 

path from the door to 

the light-switch and to 

the equally-cluttered 

workbench. The sin- 

gle light bulb (an en- 

ergy-saver that takes 

10 minutes to warm 

up) casts a yellow glow 

V Т overthe scene and this 

! jj, апа the associated 
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Dave Thompson* 


ItemsjCoveredimhisiMonth 


ө Dave finally gets his workshop 
functioning again 
Faulty Sunbeam Retro KE52- 
OOE kettle 
Deckel FP4 CNC milling 
machine 
Maison vacuum cleaner 


Faulty Zen-on Justina guitar 
tuner 


*Dave Thompson runs PC Anytime 
in Christchurch, NZ. 
Website: www.pcanytime.co.nz 


Email: dave @ pcanytime.co.nz 


shadows add to the atmosphere. 

It's no exaggeration to say that I love 
it there and ГЇЇ be very sad when he 
down-sizes to some tiny shed that I 
guarantee won't have anything like 
the feel of this haven. 

However, there is a silver lining; 
Keith has had to get rid of his old 
scopes, frequency counters and other 
flashing-light-infested test gear and, 
in the spirit of friendship, he kindly 
offered to give some of these instru- 
ments to me. The deal is that I can be 
their guardian for as long as I want 
them and for as long as he can come 
over and use them if he ever needs to. 
Since he hasn't used some of them for 
a few years now, it’s unlikely he'll ever 
take me up on that but that’s OK; I’m 
happy for him to come and use my fa- 
cilities any time he likes. 

So far, I have been given a digital 
oscilloscope (an older, 60MHz dual- 
channel monochrome model) and a 
top-quality 20MHz CRT scope, both 
of which are in excellent working or- 
der. They really do look great on my 
shelf along with my existing scope 
and various multimeters, soldering 
stations and power supplies. 

I admit it; I love test equipment and 
if I won the lottery I'd have the best 
spectrum analysers, audio generators, 
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frequency counters and all manner of 
other suitably-adorned boxes stacked 
from bench-top to ceiling. The beauty 
of having this equipment is learning 
how to use it to better do my job and 
enjoy my hobby, the two curiously 
crossing over more often these days. 
I've already put the scopes to good use 
andI'mnow looking forward to taking 
possession of a very nice AF/RF fre- 
quency generator/counter that's next 
on the listto go from Keith's workshop. 


Quake-damaged workshop 

Some years ago, my own workshop, 
which is about double-garage sized, 
was rendered a complete disaster area 
by the swarms of quakes we had here 
in Christchurch five years ago. Prior 
to those cursed quakes, I had a lot of 
stuff neatly set up in cupboards, on 
shelves and in drawers and other stor- 
age units all around the walls of my 
workshop. This “stuff” included small 
bucket-sized bins of resistors, capaci- 
tors, diodes, transistors, ICs and other 
components one tends to accumulate 
over 40 years of hobby and profession- 
al electronics work. 

These parts were all neatly arranged 
and stored in their own compartments 
and trays until 12.51PM on the 22nd 
February, 2011, wherein the shelves, 
drawers and cupboards were literally 
torn from the walls and everything in 
and on them ended up dumped onto 
the workbenches and floor below. The 
benches run around the entire work- 
shop at a height of 900mm, with gaps 
only for the entry door and a couple of 
larger machines along the back wall. 

During the subsequent aftershocks, 
of which there were many, every- 
thing else that lived in racks, draw- 
ers, shelves and boxes under, on or 
around the benches also ended up on 
the floor, along with my lathe, drill- 
press, sander, band-saw, scroll-saw 
and electronic test gear. 

Ialmost cried when I first opened the 
door but soon forgot about that because 
my lathe had fallen across the doorway, 
preventing it from opening properly. 
Thelathe had also taken out a tall metal 
cabinet of drawers that lived next to it. 
Fortunately, all the drawers (A4-sized 
and full of lathe tools, components, 
half-finished projects and other elec- 
tronic bric-a-brac) had fired out into the 
middle of the room, so they avoided 
getting crushed. However, their con- 
tents added to the pile that now cov- 
ered most of the workshop floor. 
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WORKSHOP AGAIN & I'M NOT EMBARRASSED TO SHOW 
PEOPLE AROUND WITHOUT MAKING LAME EXCUSES... 


I initially surveyed the damage 
through the gap in the door and af- 
ter checking nothing was on fire and 
that the workshop power was discon- 
nected (fortunately, the mains were off 
and would stay off for another 20-odd 
hours), I locked the door and vowed 
to sort it all out later. 

It took about a year to get the work- 
shop into some semblance of order, 
which basically meant I could walk 
around most of it. It was still a right 
mess though and remained like that for 
another few years as our focus was on 
other things. Besides, with on-going 
after-shocks, there was an air of “why 
bother?” about it all. It was a terrifying 
time and I didn’t want my epitaph to 
read: buried in his workshop! 

As a result, my workshop space 
became a little-utilised repository for 
anything that didn’t fit in the house, 
or was too valuable to leave in the 
often-open garage that fronted the 
workshop itself. My workbenches, 
which had been clear and organised, 
were now covered entirely in stuff and 
if I wanted to do anything, I had to 
literally push things aside until I had 
room for the new job. 

Over the years, I chipped away at 
clearing it up by doing things like 
sorting out the resistors from the ca- 
pacitors and then separating other 
components — no easy task when lit- 
erally thousands had been mixed to- 
gether into a scrambled and hard-to- 
pull-apart pile that would likely have 
filled a bathtub. Part of me wanted to 
just toss the lot and start again but the 


miser in me prevented me from tossing 
perfectly good components. 

It took quite some time to sort it all 
out and I while I was at it I also sepa- 
rated the electrolytics and tantalums 
from the non-polarised capacitors and 
sorted miscellaneous items like termi- 
nals from screws, nuts and bolts. One 
of the most frustrating jobs involved 
separating about 200 assorted springs 
from all the other bits; they gripped 
and grabbed onto everything and I very 
nearly just chucked the lot but decided 
against it after considering how long it 
took me to accumulate them (and how 
handy they can be). 

Once [had all that small stuff squared 
away, I began looking at shelving and 
other storage options that wouldn’t be 
susceptible to falling down in quakes. 
A lot of bits and pieces originally lived 
on shelves around the walls but I now 
had to find homes for them in drawers 
and other solid storage options. 

We haven’t had any sizable after- 
shocks for the last 12 months (touch 
wood) but I’m reasonably confident the 
storage I now have will take anything 
up to and including a quake that would 
drop the garage. And if that happened, 
I'd have bigger problems than sorting 
out some resistors! 

At least we don’t have to worry 
about bushfires, which would be ab- 
solutely terrible. Give me a quake any 
day over fires (well, a smaller jolt at 
least). 


To chuck or not to chuck 
Over the recent Christmas break, I 
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Weckel [FIP4 milling machine 


D. A. of Shepparton, Victoria re- 
cently encountered a string of faults 
in an old Deckel FP4 CNC milling 
machine. Here’s how he got it go- 
ing again... 

Earlier this year, I was asked by a 
relative if Га have a look at one of 
his CNC milling machines. The ma- 
chine in question was a Deckel FP4 
unit from the mid-late 1980s and it 
had developed a fault in the CNC 
console. I’m no expert when it comes 
to engineering but I’ve spent many 
years repairing electronic/electrical 
and mechanical equipment, both 
as a career and as a hobby, and so I 
thought “why not?". 

CNC stands for “computer numeri- 
cal control” and a CNC mill/lathe has 
acomputer console which allows the 
user to push buttons and enter com- 
mands to drive the machine’s servos 
and motors. These in turn control the 
movement of various tools and/or the 
job itself in the machine to achieve 
the desired cutting and turning, etc. 

The story starts when the machine 
began displaying an ЕР00 error code 
which, according to the manual, in- 
dicates an emergency shut-down, 
tripped overloads and/or pressed 
emergency stop buttons. The first 
step then is to check the overloads 
and emergency stops and in fact the 
owner had already done this but had 
found nothing amiss. 

My first thought was that a power 
supply fuse had probably blown or 
the supply itself was faulty. When 
I took a look inside, I found that a 
fuse had indeed blown. I replaced 
it and the console came back to life 
but there was no vertical sync, thus 


finally got onto the home straight with 
the workshop. I spent around three 
hours each day that I was off work 
sorting out what I wanted to keep and 
what I wanted to chuck. 

I’ve mentioned before that while I’m 
nota pack-rat, I do tend to gather items 
that could come in useful for my ser- 
vicing work. However, I had to modi- 
fy my philosophy with this clean up. 
My criteria before starting the clean-up 
was: will I conceivably ever use this 
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causing the picture to roll continu- 
ously. However, I was told that the 
vertical rolling fault had been there 
for some time and that the picture 
stopped rolling after the machine 
had warmed up. And indeed that 
turned out to be the case. 

What was encouraging was that 
there was no longer an ЕР00 error on 
the display. However, the unit still 
refused to work. 

Thankfully, the owner has the 
operator’s manual and the service 
manual for the machine. Unfortu- 
nately, the service manual is print- 
ed in German (since the machine is 
German-made) so I spent quite some 
time going over the circuits diagrams 
and checking for continuity in the 
emergency stop circuit. Eventually, 
I found that a track on the circuit 
board had been burnt off. 

Fixing this cured the fault with 
the emergency stop circuit and the 
machine worked again. However, I 
was puzzled as to what had caused 
the fault, as it appeared that the cir- 
cuit board track damage would have 
been caused by an inadvertent short. 

The next day, the ЕР00 error was 
back зо Тараїп checked the emergen- 
Cy stop circuit and found that it was 
functioning as intended. The ЕР00 
fault code can also mean that one of 
a few overload circuit breakers had 
tripped, so I now turned my atten- 
tion to those. These were all intact 
so I consulted the circuit diagrams 
and after some time found that these 
overload circuit breakers are 3-phase 
with an auxiliary contact. This auxil- 
iary contact is used to relay the fact 
that one of the circuit breakers has 


item; yes or no? If “no”, the item went 
into a rubbish box. 

I also asked “do I really need this 
item"? Again, if the answer was no, 
the article went straight into the bin. 

It was actually quite liberating to get 
rid ofthe junk and tidy the workshop; 
Га had some of that stuff for so long 
and the workshop had been such a 
mess that it hung over me like a black 
cloud and I dreaded going in there. In 
fact, there's a book currently sweeping 


tripped, thereby halting the machine 
and bringing up the FP00 code. 

I soon found that one of the wires 
goingto one ofthe auxiliary contact's 
terminals had been clamped mostly 
on the insulation rather than on the 
copper wire and a quick check with 
a multimeter confirmed no continu- 
ity. I re-terminated it and the prob- 
lem was solved. This was probably 
a manufacturing defect, the wire just 
touching the terminal for all those 
years before it finally went open 
circuit. 

In the end, it was a very simple 
fault but it wasn't easy to find. Of 
course, that left the vertical rolling 
fault but because it quickly disap- 
peared as the machine warmed up, 
we decided to leave it for the time 
being. 

That situation didn't last long be- 
cause as winter came on, the vertical 
rolling fault got progressively worse. 
Eventually, it was taking around 
five hours for the display to stop 
rolling after the machine had been 
switched on. 

Having worked on many CRT 
TV sets, I was fairly sure that this 
wouldn't just involve adjusting the 
internal vertical hold control. In- 
stead, the nature ofthe fault suggest- 
ed component drift and I suspected 
faulty electrolytic capacitors due to 
the age of the unit. 

Armed with the circuit and an ESR 
meter, I checked all the electrolytic 
capacitors on the deflection/HV cir- 
cuit board. Most of them measured 
open-circuit which wasn't surprising 
after 30 years or so of service. 

I replaced the lot, then reassem- 
bled the console and switched the 
unit on. The picture was now locked 
solid and that finally cured the an- 
noying rolling problem. 

That wasn'tto be the end ofthe sto- 


the USA about the very subject of get- 
ting rid of unwanted clutter and how 
life-affirming it can be. 

In this book, the author poses the 
question: does this item "spark joy" 
in my life? If it doesn't, out it goes. 
While I liked my criteria a little better 
and thought it a little more practical, 
it was interesting that I had much the 
same experience while cleaning out 
my workshop that this person wrote 
about. At the same time, I quietly 
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ry though. A couple of days passed 
and, much to my frustration, the 
Deckel FP4 again had a problem. 
This time, it was tripping one of its 
overload circuit breakers as soon as 
there was any attempt to start the 
hydraulic pump motor. Apparently, 
this machine uses hydraulics to actu- 
ate some of the bed axis movements 
but I’m no expert on how the whole 
machine works. 

In this case, ап ЕР02 error code 
was appearing on the console. The 
manual was quite helpful here be- 
cause it stated that an ЕР02 error 
code meant hydraulic pump over- 
load and this indicated the relevant 
overload breaker to check. It was 
tripping the overload at switch-on 
alright and my first thought was that 
the pump/motor may have seized or 
something along those lines. 

The only other option would be 
a power issue. Sure enough, when I 
checked the mains voltage on each 
phase at the overload circuit breaker 
with respect to ground, two phases 
were at 230VAC while the centre 
measured just 63VAC. Three-phase 
motors don’t appreciate a missing 
phase and will draw lots of current 
and generally refuse to start. 

Ithen did the same measurements 
at the 3-phase power point for this 
machine only to find the same read- 
ings. So we had a power issue, rath- 
er that a fault in the machine itself. 

When I inspected the main switch- 
board, I discovered that the machine 
was on a circuit with individual 
phase fuses rather than a 3-phase 
“ganged” circuit breaker. In the end, 
it was a simple case of removing the 
blown centre fuse and replacing it. 
Once all three phases had been re- 
stored, the old Deckel CNC machine 
operated normally once more and 
should live on for many more years. 


cursed the fact that I hadn’t thought 
about writing a book about it. It could 
have made millions of dollars, which 
of course would enable me to buy 
even more stuff to fill my workshop 
with! Perhaps it all worked out OK 
after all... 

After dumping/recycling 350-odd 
kilograms of rubbish from the work- 
shop, I had a lot of spare space left over. 
It now feels great to be able to walk to 
any part of the bench and have room 
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to work on it without having to move 
stuff around. The best thing about it is 
that it’s a proper workshop again and 
I’m not embarrassed to show people 
around without making lame excus- 
es as to why it was such a bomb-site. 
While I could legitimately claim it was 
caused by something beyond my con- 
trol, it certainly wasn’t beyond my con- 
trol to tidy it properly long before now. 

Of course, it didn’t take long for 
someone to ask me if I had something 
that I'd just chucked away! It had been 
in my workshop for years but hadn’t 
met my criteria for keeping it. The fact 
is, this will happen every so often and 
I'll just have to live with it. 


The kettle carks it 


Another thing I'd gotten rid of was 
a kettle we'd replaced a few years ago 
with a nice new "digital" model. There 
was nothing wrong with the old one; it 
just didn't colour-match our new toast- 
er so, of course, it had to go. And so, 
after all those years in the workshop, 
out it went to the recycling station, 
no doubt to eventually turn up in one 
of those eco-shops for a few dollars. 

I mention this now because just the 
other day Nina pushed the power but- 
ton on our kettle to boil some water. 
As she did so, it gave a nasty electrical 
“рор!” and its LED display went dead. 
And so, being a serviceman, the first 
thing I did was grab it and withdraw 
to my now-tidy workshop to find out 
what was wrong with it. 

“Its probably just a fuse or some- 
thing just as simple,” I said to Nina as 
I made off with it. Yeah, right — famous 
last words, as many servicemen will 
no doubt confirm. 

After negotiating the usual annoying 
security-type screws and removing the 
base of the kettle, the electronic gub- 
bins were revealed. No simple switch, 
thermostat and element for this kettle; 
instead, inside was a PCB assembly 
that wouldn't look out of place in a 
GPS unit or a portable radio. 

The top side of the PCB carried a 
number of parts and a 28-pin IC, most 
likely a microcontroller of some de- 
scription. This side appeared to be OK, 
so I then had to remove quite a bit of 
plastic mounting hardware and un- 
plug various peripherals such as ther- 
mostats, wiring looms for the display 
and the element wiring in order to gain 
access to the underside of the PCB. 

As soon аз I flipped it over, the cause 
of the *pop" was all too obvious; four 


THE KETTLE CARKS IT 


very blackened surface-mounted di- 
odes and at least one transistor (or 
similar SOT-23 type component) were 
clearly damaged. A quick search with 
Google confirmed my assumption that 
there would be nothing like a circuit 
diagram floating around for this appli- 
ance and with all active components 
sanded or with their part numbers 
otherwise obfuscated (thanks manu- 
facturer), this was likely going to be 
another guesswork fix. 

And so, for the time being, I’m 
stumped. If anyone out there in SILI- 
CON CHIP “reader-land” has a circuit 
diagram for a Sunbeam Retro KE5200E 
kettle and is willing to share it, please 
contact me. 

The rest of the board appears to be 
in pristine condition, probably because 
the whole thing is covered in some sort 
of soft, clear “goop” to waterproof it. 
This goop had melted away from the 
dead components, making it easy to 
access them, but I suppose any “fix” 
will require a similar covering once 
done. I'll use epoxy resin. I think — 
should I succeed in getting it going 
again, that is... 

All the failed components surround 
a relay whose contacts switch mains- 
level voltage to the element, so I’m 
wondering if the relay has shorted or 
something similar. The output track 
of this relay has been damaged so it'll 
have to be replaced too. 

The diodes shouldn't be a problem; 
the silk-screen at least is very clear 
as to polarities etc and they look like 
1N4001s or similar for rectifying AC 
to DC for the rest of the circuit. The 
SOT-23 "transistor" may be a regula- 
tor and if I can't get a diagram, ГЇ try 
to “reverse engineer" this part of the 
circuit and draw a diagram. 

That way, I might be able to figure 
out what this part does, so that I can 
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Identifying some of the charred parts 
on the kettle's PCB will be extremely 


difficult without a circuit. 


try to replicate it. Finding another re- 
lay should be simple enough too; the 
manufacturer has kindly left the part 
numbers intact so if I can't locate the 
exact one, any similar 24V DC, 16A 
relay that fits the board layout will do 
the job. I'll let you know how it goes. 

In the meantime, we went looking 
for another one ofthose kettles but they 
aren't sold any more and the new ones 
either seem cheap and nasty by com- 
parison or don't match the rest of our 
kitchen appliances. We've settled on 
"cheap" for time being in the hope that 
I can get the faulty unit going again. 

But whatever happens, at least I've 
once again got a pristine workshop 
in which to work. It really is a much 
more pleasant place to be than before 
the big clean-up. 


Maison vacuum cleaner 


Regular contributor B. P. of Dun- 
dathu, Qld has no particular love for 
vacuum cleaners. But why chuck out 
old faithful when you can fix it your- 
self and save money into the bargain? 
Here's his story... 

Our middle (teenage) son had been 
doing some vacuuming (yes, really!) 
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g — continued 


when the machine suddenly started 
making a loud rumbling noise. Not 
wanting to risk further damage, he 
turned it off straightaway and I de- 
cided to check out what the problem 
could be. 

My first test was to turn the vacuum 
cleaner on and then off again quickly, 
so that I could briefly hear it running. 
We've had this vacuum cleaner for 
quite a long time and I had already re- 
paired it several times previously. I'd 
also fitted new brushes to it around 18 
months ago. 

This time, however, I wasn't sure if 
it was repairable, because it sounded 
like the bearings were shot. The brush- 
es were also arcing badly, which could 
indicate that the armature had shorted 
turns. Despite this, I decided to delve 
deeper and find out just exactly what 
the problem was. 

I started by dismantling it and I ini- 
tially checked the brushes. My suspi- 
cion was that they may have been poor 
quality and had worn down already, as 
the cleaner had had a lot of use since I 
fitted them. However, they were fine, 
with plenty of *meat" left on each one. 

I then noticed that the rear bear- 
ing next to the commutator had blue 
marks on it, indicating that it had been 
running very hot. This wasn't look- 
ing good! 

After some further dismantling, I 
had the armature free and I could then 
assess the situation more thoroughly. 
This revealed that the rear bearing had 
virtually disintegrated — the plastic re- 
tainer that keeps the ball bearings cor- 
rectly spaced was no longer present, 
the metal shield on one side had fall- 
en off and the rubber seal on the other 
side had also fallen off. 

At that point, the bearing literally 
fell apart and the ball bearings dropped 
onto the ground. I also noticed that the 
metal shield had been distorted, which 
indicated that the bearing had been 
running out of true. Because the arma- 
ture would have been moving around 
so much, this could explain why there 
had been arcing on the brushes. 

Ithen checked the front bearing and 
found that it was only slightly worn. 
Even so, Idecided that I would replace 
both bearings and this is where I ran 
into difficulty. My automotive bearing 
puller was just too big to remove the 


front bearing and it would not grip the 
inner race of the rear bearing. 

As a result, I decided to reassem- 
ble the rear bearing, so that it would 
have a larger area for the bearing pull- 
er to grip. I retrieved the ball bearings, 
greased them and placed them in the 
outer race, then put the inner race back 
in. After turning the bearing, the indi- 
vidual ball bearings distributed evenly 
around the unit and I was able to use 
the bearing puller to remove it. 

That done, I turned my attention to 
the front bearing. After some thought, 
I decided that because it wasn't badly 
worn and because I couldn't easily re- 
move it, I would simply service it and 
leave it in place. First, I removed the 
outer metal shield to access the inside 
of the bearing. It had some dirt in it 
and the balls were devoid of grease, so 
I cleaned it using a pressure-pack can 
of multi-purpose spray and then blew 
out the remaining liquid with an air- 
compressor. I then searched for some 
suitable grease. 

Because I do my own vehicle and 
equipment servicing, I have a variety 
of greases on hand. In the end, I chose 
some automotive "no melt" disc brake 
wheel-bearing grease, as this would be 
ideal for the purpose. After greasing the 
bearing, I refitted the metal shield and 
then noticed that there was some wear 
on the commutator. This was fixed by 
“dressing” it with a fine file. 

I knew the rear bearing would be 
under $10, so it was worth taking a 
risk and replacing it. As it turned out, 
it cost less than $5 from a local sup- 
plier. Once I got it home, I set about 
re-assembling the vacuum cleaner and 
when I had the motor back together 
and in place, I decided to give it a run 
before re-fitting the cover. 

When I turned it on, it ran smoothly 
without the rumbling noise but there 
was considerable arcing from the 
brushes. I was begining to think that the 
motor might be on the way out when it 
suddenly picked up speed. At the same 
time, the whine it made increased in 
pitch and it sounded “smoother”. 

When I looked at it, I immediately 
noticed that there was no further arcing 
from the brushes and it was running 
nicely. I can only assume that the ini- 
tial arcing had been caused while the 
brushes “bedded in” again. 

Who knows how much longer it will 
continue working but while ever I can 
continue to repair it and keep it going, I 
will do so. This repair cost less than $5 
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and saved yet another defective piece 
of equipment from going unnecessar- 
ily into landfill. 

Of course, this type of repair would 
not have been taken on by a service 
agency. The cost of the labour alone 
would have comfortably exceeded the 
price of a new vacuum cleaner. It's re- 
ally handy to be able to do this type of 
repair myself and save our family quite 
a bit of cash in the process. 


Faulty guitar tuner 


A. C. of Clarement, Tasmania recent- 
ly repaired an ancient guitar tuner that 
had no less than three faults. Here's 
how һе got it going again... 

One ofthe challenges of being some- 
one who “knows about" electronics 
is that all your friends and associates 
know you're the guy to send their par- 
aphernalia to for a quick check-over 
when it's not working. 

Recently, I was handed a cheap 
guitar tuner from my wife's employer 
(*your husband can fix stuff, right?") 
with the highly-detailed diagnosis that 
it was dead. The unit turned out to be 
a Zen-on Justina Quartz Guitar Tuner, 
with a 3-position switch to power the 
unit and check the battery level, a 6-po- 
sition switch to select one of six string 
pitches, a moving coil meter to indi- 
cate the battery level and tuning of the 
guitar, a built-in mic to allow tuning 
acoustic instruments and a 1/4-inch 
socket on the side to accept a connec- 
tion from an electric instrument. 

The case was made of plastic in a gar- 
ish 1970s orange colour but despite its 
apparent age, it looked to be in pretty 
good shape. In fact, the Justina remind- 
ed me of my first guitar tuner which 
had been given to me for Christmas 
about 25 years prior. Its familiar con- 
trol layout suggested that it was some 
kind of generic design that had been 
produced over the years as a budget 
alternative to the more expensive tun- 
ers made by companies such as Boss 
and Peterson. 

After sliding off the 9V battery cov- 
er it was a no-brainer to work out why 
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the unit was dead. The battery clip was 
missing, with only the red and black 
wire entrails hanging out of the com- 
partment. This was going to be easy! 

I rifled through my parts drawers 
and extracted a 9V battery clip of a 
vintage that complemented the retro 
orange duco, de-soldered the two wires 
from the PCB and refitted the new clip 
in their place. I then managed to find 
a 9V battery with enough zing in it to 
pass the lick test and clipped it into 
the tuner. 

Flipping the unit back over, Imoved 
the first switch to the BAT position and 
was encouraged to see the needle rising 
to the lower end of the “Good” mark 
on the meter. I then slid the switch to 
the ON position, selected the A-string 
pitch and did my best impersonation 
of a chorister at what I thought was 
about 440Hz, but the meter's pointer 
failed to rise off the lefthand end-stop. 

My first reaction was that the tuner 
was simply being judgemental about 
my dulcet tones, so I tried a few dif- 
ferent pitches on the pitch selector 
switch, again with no success. I then 
connected a guitar to the 1/4-inch in- 
put socket but this also failed to elicit 
a response and after confirming that 
both the cable and the guitar were 
OK on a known-good tuner, I realised 
that it wasn't my singing that was the 
problem! 

I opened the case again and had a 
careful look for any dry solder joints. 
This quickly revealed a fractured joint 
on the 1/4-inch socket and I surmised 
that both the microphone and guitar 
signals passed through this socket, 
with the microphone signal being by- 
passed when a guitar was connected. 
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After re-soldering this joint, I turned 
the unit back on and checked the re- 
sponse with my voice and a guitar but 
the meter still refused to move. 

Disassembling the tuner for a third 
time, I re-inspected the PCB for any fur- 
ther dry joints that I may have missed. 
I found a couple of narrowly-spaced 
pads near the new battery clip pads 
that looked a little frosty but I didn’t 
think they were bad enough to cause 
trouble. Even so, Lre-flowed these pads 
with fresh solder as well. 

Curious to know what was on the 
other side of the board, I flipped it over 
and had a look at the device connect- 
ed to the pads I had just re-flowed. It 
turned out to be a 78L05 5V regulator 
but there appeared to be some kind of 
strange mark on the front of its body. 
On taking a closer look, I realised that 
the mark was in fact a crack that had 
split the regulator right down the mid- 
dle. 

I duly replaced the damaged regula- 
tor and reassembled the guitar tuner for 
what I hoped would be the last time. 
And that was it — this time, when I con- 
nected a guitar, I was at last rewarded 
with the pointer springing up to the 
middle of the dial when I ran the pitch 
tests. A quick whistle test confirmed 
that the microphone also worked. It 
also confirmed that my initial assess- 
ment of my vocal abilities wasn’t too 
far off the mark. 

I can’t imagine what caused the 
78L05 to fail in sucha spectacular way 
considering that the highest voltage ap- 
plied to it would have only been from 
a 9V battery. As can be imagined, the 
owner was grateful to have the tuner 
back in working order. 56 
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Our new Solar МРРТ Charger/Lighting Controller uses solar 
panels to charge a 12V or 24V battery and then works with LDR/ 
PIR sensors to run 12V DC lighting or an inverter. Last month, we 
gave the circuit details; this month, we show you how to build it 
and describe the setting-up procedure. 


HIS UNIT is easy to build, with 

all parts mounted on a PCB cod- 
ed 16101161 and measuring 141 x 
112mm. This is mounted in a diecast 
case measuring 171 x 121 x 55mm. The 
PCB is secured to integral mounting 
points inside the case and is shaped 
so that it fits neatly around the central 
pillars on either side. 

As well as providing a rugged as- 
sembly, the diecast case also provides 
heatsinking for diodes D1 & D2, power 
Mosfet Q1 and power transistor (Q3. 
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Pt.2: By JOHN CLARKE 


Fig.7 shows the parts layout on the 
PCB. Begin the assembly by installing 
the resistors. Table 1 shows the resis- 
tor colour codes but you should also 
use a DMM to check each value as it is 
installed, as the colours can sometimes 
be hard to decipher. Note that the *in 
brackets" values shown for some ofthe 
resistors are for the 24V version ofthe 
Solar Charge & Lighting Controller. 

Note also that the 0.010 3W resistor 
(just above fuse F1) should be left out 
at this stage of the assembly. It goes in 


after the fuse clips have been installed 
(see below). 

Diode D3 can go in next, followed by 
zener diodes ZD1, ZD2 & ZD3. These 
must all be mounted with the correct 
orientation, as shown on Fig.7. Leave 
power diodes D1 and D2 out for the 
time being. 

Zener diode ZD4 is not normally 
installed and a wire link is used for 
resistor R2. This is the standard set-up 
if using a PIR sensor that can handle a 
supply of up to 14.4V. 


siliconchip.com.au 


е) 


Conversely, 204 must be installed 
if you are using a PIR sensor that's 
rated at 12V maximum. If 2р4 is fit- 
ted, you must also use a resistor for R2 
instead of a link. Use а 2700 resistor 
for a 12V battery and a 1.2kQ resistor 
for the 24V version. 

In particular, note that ZD4 and a 
1.2kQ resistor (for R2) must be used 
for the 24V version, unless the PIR can 
operate directly from a 28.8V supply. 

IC1's socket can now go in, followed 
by IC2, REG1 & OPTO1 which can all 
be directly soldered to the PCB. Check 
that these parts are all correctly orien- 
tated before soldering their pins. Trim- 
pots VR1-VR5 can then be installed. 
VR1 & VR2 are 20kQ types and may be 
marked as 203. VR3 & VR4 are 10kQ 
trimpots (103), while VR5 is a 500КО. 
trimpot (504). 

Once the trimpots are in, fit PC 
stakes to test points ТР1-ТР4 & TP- 
GND, then fit PC stakes to terminate 
the leads from inductor L1. That done, 
install switch S1 and the 3-way pin 
headers for JP1 & JP2. 

Transistors Q2 & Q5 are next on the 
list. Make sure that Q2 is a BC337 and 
that Q5 is a 2N7000. Mosfet Q4 can 
then be installed; it’s mounted hori- 


siliconchip.com.au 


zontally on a small finned heatsink 
with its leads bent down through 90? 
sothat they go through their respective 
holes in the PCB. Be sure to secure the 
assembly in place using an M3 x 6mm 
machine screw, washer and nut before 
soldering the leads. 

There is no need to electrically iso- 
late Q4's tab from the heatsink, so an 
insulation washer is not required. 

Now for the fuse clips. These must 
go in with their retaining tabs on the 
outside, otherwise you will not be 
able to fit the fuse correctly later on. 
Once these are in, install the 0.012 
3W resistor. 

The next step is to fit all the capaci- 
tors. Be sure to orientate the electro- 
lytic types correctly. Note that the 
values and voltage ratings of the two 
large electrolytic capacitors at top left 
depend on whether the unit is built for 
12V or 24V operation. 

Follow with screw terminal blocks 
CON1-CON3. Note that CON1 uses 
large screw terminals in order to han- 
dle the heavy current requirements for 
the solar panel, battery and lamp con- 
nections. CON2 and CONG are smaller 
units and are made up by dovetail- 
ing separate connectors together. In 


Fig.7: follow this 
parts layout diagram 
to assemble the PCB. 
Power devices D1, 
D2, Q1 & Q3 must 
all be mounted on 
10mm lead lengths, 
while LED1 is 
mounted оп 20mm 
lead lengths so that 
it can later be bent 
over to protrude 
through the side of 
the case. Refer to the 
text for the winding 
details for inductor 
L1. 


ъ 2, > 2, 
269169105 


96 


INSULATING WASHER 
INSULATING BUSH 


BOX SIDE 


Fig.8: power devices D1, D2, Q1 
& Q3 must be electrically isolated 
from the case using insulating 
washers and insulating bushes. 
After mounting each device, use 
your DMM (set to a high Ohms 
range) to check that the metal tab 
is indeed isolated from the case. 


particular, CON2 uses a 3-way and 
2-way connector, while CON3 uses 
two 2-way connectors. 

Make sure that CON2 and CON3 are 
orientated with their openings towards 
the outside edge of the PCB. 


Power devices 


Power devices D1, D2, Q1 and Q3 
are all installed with their mount- 
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ing tab holes about 22mm above the 
PCB. In practice, this means mount- 
ing the devices on 10mm lead-lengths 
and that's best done with the aid of a 
10mm-wide cardboard spacer slid be- 
tween the device leads. 

Be careful not to get these devices 
mixed up and note that the metal 
tabs go towards the outside edge of 
the board. 

LED1 (centre, right) must be mount- 
ed so that it can later protrude through 
a hole in the side of the diecast case. 
It’s just a matter of soldering it in at 
full lead length, then bending its leads 
over at right angles about 8mm above 
the PCB (eg, by bending it over a 8mm 


= 
e 


Value 
100kQ 
68kQ 
22kQ 
10kQ 
8.2kQ 
4.7kQ 
2.2kQ 
1.5kQ 
1kQ 
4700 
3300 
2700 
1000 
100 
0.010 


(opt.) 
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^'Therexternal leads are fed into the case via cable glands. 
Additional cable glands will be required for the optional 
lamp, PIR and external switch connections. 


cardboard spacer). Be sure to orientate 
the LED correctly; its anode (A) lead 
is the longer of the two. 


Winding inductor L1 

Inductor L1 is wound using six 
strands of 0.5mm enamelled copper 
wire that are all twisted together. Begin 
by cutting 6 x 416mm lengths of wire, 
then strip about 15mm of enamel off 
each wire at one end. Lightly tin these 
wire ends, then twist the ends together 
and solder them. 

Next, secure this soldered end in the 
chuck of a hand or battery-powered 
drill and twist all the wires together, 
so that each wire twists by 360? ap- 


Table: Resistor Colour) Codes|(i2ViVersion) 


4-Band Code (1%) 

brown black yellow brown 
blue grey orange brown 
red red orange brown 
brown black orange brown 
grey red red brown 

yellow violet red brown 
red red red brown 

brown green red brown 
brown black red brown 
yellow violet brown brown 
Orange orange brown brown 
red violet brown brown 
brown black brown brown 
brown black black brown 
not applicable 


Inductor L1 is made by twisting six 
416mm-long strands of 0.5mm copper 
wire together and then winding on 
seven (or 10) turns — see text. 


proximately every 20mm (see photos). 

That done, wind seven turns (or 10 
turns for the 24V version) through the 
toroid, spacing the turns evenly. Once 
they're on, position the inductor on 
the PCB and bend the soldered end so 
that it mates with one ofthe inductor's 
PC stakes. The other end can then be 
positioned to mate with its PC stake 
and cut to length. 

Finally, strip back the enamel from 
the leads at this end, twist and solder 
them together and install the inductor 
on the PCB. A couple of cable ties fed 
through adjacent holes on either side 
ofthe inductor are then used to secure 
it in place. 

Note that multiple strands of wire 
are used to minimise the impact of 
skin effect. If a single, larger wire had 
been used instead, its effective resist- 
ance atthe switching frequency would 
be higher, leading to greater losses and 
more heating. 

The approach taken here to reduce 


5-Band Code (1%) 

brown black black orange brown 
blue grey black red brown 

red red black red brown 

brown black black red brown 
grey red black brown brown 
yellow violet black brown brown 
red red black brown brown 
brown green black brown brown 
brown black black brown brown 
yellow violet black black brown 
orange orange black black brown 
red violet black black brown 
brown black black black brown 
brown black black gold brown 
not applicable 
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Using The Solar Charger/Lighting 
Controller With 24V Batteries 


As stated last month, the Solar MPPT Charger/Lighting Controller can also be used 
with 24V batteries and 24V solar panels. However, this requires some component 
changes to the circuit and these are indicated in brackets on Fig.7. In summary, 
the required changes are as follows: 


(1) Тһе 22КО resistor at pin З of IC2a is changed to 47kQ, the 1000 resistor 
feeding 202 is changed to 1КО and the 22КО resistor at the AN2 input of IC1 is 
changed to 51kQ. 


(2) The 2200uF 25V low-ESR capacitors are changed to 4704F 63V low-ESR types. 
(3) The number of turns on inductor L1 is increased from seven to 10. 
(4) If used, R2 should be increased to 1.2kQ. 


Several set-up changes are also required: 


(1) The voltage at TP2 (set by VR2) must now be the battery voltage x 0.15625 
(instead of 0.3125). 


(2) The voltage set at TP3 for temperature compensation (step 8 in the setting 
up procedure) must be half that set for 12V operation. For example, for 38mV/°C 


compensation with a 24V battery, TP2 should read 1.9V (not 3.8V). 


skin effect is similar to that of using 
Litz wire, except that the twisted wires 
are larger. 

That completes the PCB assembly. 
The next step is to prepare the case. 


Case drilling 

The first step here is to drill two 
holes in one side of the case to accept 
two IP68 8mm cable glands, plus an- 
other hole in the opposite side for a 
6.5mm cable gland. To do that, posi- 
tion the PCB inside the case and care- 
fully mark out the positions for these 
cable glands. As shown in the photos, 
they are positioned opposite CON1 
and CON3 and are centred vertically. 

The PCB can then be removed from 
the case and the holes drilled and 
reamed to size. Deburr all edges with 
a small round file. 

That done, the PCB can be tempo- 
rarily repositioned in the case and the 
mounting holes for the four power de- 
vices (D1, D2, Q1 & Q3) and for LED1 
marked out. Drill these holes to 3mm, 
then use an oversize drill to remove 
any metal swarfso that the area around 
each hole is perfectly smooth. This lat- 
ter step is necessary to prevent punch- 
though ofthe insulating washers used 
with the power devices. 

The PCB can now be secured inside 
the case using the supplied screws 
and the four TO-220 power devices 
attached to one side of the case, as 
shown in Fig.8. Note that it is neces- 
sary to isolate each device tab from the 
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Tablej2-ICapacitoriCodes. 


Value uF Value IEC Code EIA Code 
100nF 0.1pF 100n 104 
10nF  O.01uF 10n 103 
1nF 0.001ҺҒ in 102 
470pF NA 470p 471 


case using an insulating washer and 
insulating bush. 

Once they have been installed, use a 
digital multimeter (set to read ohms) to 
confirm that the metal tabs are indeed 
isolated from the metal case. If a low 
resistance reading is found, check that 
the silicone washer for that particular 
TO-220 device has not been punctured 
by metal swarf. 

If it has, then clear away the swarf 
and replace the insulating washer. 


Setting up 

The step-by-step setting-up proce- 
dure is as follows: 
Step 1: check that IC1 is out of its sock- 
et, then fit the fuse and apply 12V to 
the battery input terminals. 
Step 2: connect a DMM between TP1 
and TPGND and adjust VR1 for a read- 
ing of 5.0V. 
Step 3: disconnect the 12V supply and 
wait for the 5V rail (measured at TP1) 
to drop to near 0У. 
Step 4: plug IC1 into its socket, then 
reconnect the 12V supply. 
Step 5: measure the voltage across the 


and beautiful 
- and simply 
the BEST DIY 
loudspeaker 
system ever 
published... 
anywhere! 


Published in 
May, 2014 


e 
e £ е 
с; eótuc 
Everything about this superb loudspeaker 

system is impressive: size, physical presence, 
power handling, efficiency — and most of all, 
performance. Compare them with commercial 
loudspeakers ten and twenty times the price! 


If you want the ultimate build-it-yourself 
loudspeakers, you want The Majestic! 


You'll find the construction details at 
siliconchip.com.au/Project/Majestic 
Crossover PCB available from On-Line Shop 


INTO RADIO? 


Don't pay 585% for a commercial 

receiver: this uses a «$20 USB 

DTV/DAB+ dongle as the basis for a very 

high performance SSB, FM, CW, AM etc 
radio that tunes from DC to daylight! 

Features: 

<> Tuned RF front end 

<> Up-converter inbuilt 

<> Powered from PC via USB cable 

<> Single PCB construction 

Lots of follow-up articles, too! 

Want to know more? Search for “sidradio” 

at siliconchip.com.au/project/sidradio 

PCBs & Micros available from On-Line Shop 
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Lighting & Inverter Options 


As stated last month, jumpers JP1 & 
JP2 select the various lighting options. 
Here are a few suggestions: 

(1) Night-time garden lighting: the 
light sensor allows the lights to switch 
on at dusk and they can remain lit for 
a preset period of up to eight hours, as 
set by the timer. Alternatively, you may 
wish to have the lights lit for the entire 
night and to switch off automatically at 
sunrise, provided there is sufficient bat- 
tery capacity. 

(2) Security or pathway lighting: the 
lights can be set to switch on after dusk 
but only when someone approaches the 
area. In this case, a PIR movement de- 
tector switches on the lights while the 
timer switches off the lights after the 
time-out period, typically 1-3 minutes 
or longer (8-hour maximum). 

(3) Shed lighting: in this case, you may 
opt to switch the lights on and off using 


an external pushbutton switch. The lights 
can remain on until they are switched off 
again or they can switch automatically 
after a preset period, or at sunrise (as 
detected by an LDR). 

Normally, the controller would be set 
во that the lights only come on when it 
is dark. However, you might want the 
lights on during day in a shed and this 
can be done using the third option listed 
in Table 1 last month; ie, JP1 in the night 
position, JP2 in the LDR position and 
the LDR left disconnected. 


Using an inverter 

As mentioned last month, you can 
directly switch up to 10A of 12V DC 
lighting via the LAMP terminals on 
СОМ1. Alternatively, instead of using 
12V lamps, you can use an inverter to 
run 230VAC lamps. 

This latter option requires the addi- 


tion of an external relay (rated at 12VDC 
150A) to switch the inverter on and off. 
Fig.10 shows the details. 

As can be seen, the external relay’s 
coil is connected across the LAMP ter- 
minals of CON1, while its NO (normally 
open) contacts switch the positive sup- 
ply line from the battery through to the 
inverter. The negative supply terminal in 
the inverter is directly connected to the 
negative battery terminal. 

A 150A relay is recommended to cope 
with the surge currents drawn by the 
inverter. If you are using a 24V battery, 
you will need to connect a 47Q 10W re- 
sistor in series with the relay’s 12V coil. 
Assuming that the relay has a 50Q coil, 
this 47Q resistor will effectively halve the 
voltage that’s applied to the coil. 

Note that the supply wiring to the 
relay and to the inverter must be rated 
to carry the inverter’s current. A 12V 
600W inverter, for example, will need 
supply wiring that’s capable of carrying 
at least 50A. 


CIC 


СӘ 


Fig.9: here's how to connect the Altronics S5134A 
PIR Sensor to the unit. Note the link between the 
negative supply terminal & one of the NO contacts. 


Mounting & Connecting A PIR Sensor 


An Altronics 55314А РІН sensor was used with our prototype unit but other 
similar PIR sensors will also be suitable. 

The Altronics sensor can be configured for either a normally open (NO) or nor- 
mally closed (NC) output. In this case, it's necessary to select the NO option using 
the supplied jumper. 

Once that's done, the РІН sensor is connected to СОМ2 on the Solar Charge/ 
Lighting Controller as shown above in Fig.9. Note the link between the PIR's nega- 
tive power terminal and one of its NO contacts. The PIR's other NO contact con- 
nects to the PIR signal input on CON2. 

In operation, the signal input terminal is normally pulled to +5V via R1 (100kQ) 
on the controllers PCB. However, when movement is detected, the PIR's contacts 
close and the signal input is pulled down to OV, thus triggering the controller and 
turning on the lights. 

When mounting the PIR sensor, be sure to position it so that it covers the de- 
sired detection area. You can test its coverage by temporarily mounting it in posi- 
tion, connecting the 12V supply from СОМ2 and watching the detect LED in the 
PIR sensor light as you move around the detection area. 
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Battery size 

A minimum battery capacity of 80Ah 
is recommended. A larger battery can be 
used provided that you don't draw more 
out of the battery than the solar panels 
are able to top up. If you do use more 
power than the solar panels can provide, 
the battery will eventually be discharg- 
ed. 


LiFeP0, charging 


As mentioned, when using a ШЕеРОд 


battery terminals and multiply this 
by 0.3125. 

Step 6: press switch S1 and wait for 
a few seconds, then connect a DMM 
between TP2 and TPGND and adjust 
VR2 so that the DMM reads the calcu- 
lated figure. For example, if the battery 
terminal voltage is 12.0V, TP2 should 
read 3.75V. 

Step 7: determine the recommended 
temperature compensation (in mV/°C) 
for your battery by looking up its speci- 
fications. Usually, there will be a graph 
which show the battery's fully charged 
voltage against temperature. You will 
need to determine the mV/°C figure 
from this graph. 

Step8: connect the DMM to TP3, hold 
down switch 51 and adjust VR3 until 
the meter shows the required tempera- 
ture compensation value. This reading 
will be in the range of 0-5V, represent- 
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Fig.10: an external relay is required if you 


wish to power the lamps via a 230VAC 


inverter. Note that the wiring to the battery 
and to the inverter must be rated to carry 


the inverter's maximum current. 


150A 12V RELAY 


(85 & 86 = СОШ; 30 = COMMON; 87 = NO CONTACT) 


battery, the mV/°C setting using VR3 
must be set to OmV/°C. This allows the 
correct charging cycle for this battery 
chemistry. 


ing 0-50mV/°C; ie, 1V = 10mV/°C. 

Note that this applies to lead-acid 
batteries only. If you have a LiFePO,; 
battery, set VR3 fully anticlockwise for 
a ОУ reading at TP3. 


Thermistor connection 


Thermistor TH1 can be directly 
connected to CONG inside the case if 
you are not too concerned about tem- 
perature compensation. However, you 
would then be relying on the tempera- 
ture within the case being similar to 
that of the battery. 

The odds are that the case and bat- 
tery temperatures will be different, 
though. So, instead of mounting it in 
the case, the best way to mount the 
thermistor is to tape it to the side of 
the battery and connect it to CON3 us- 
ing single-core shielded cable (fed in 
via the cable gland). This lead should 
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TO SOLAR 
PANEL 


Ж 


230VAC INVERTER 


In addition, a cell balancer should 
be connected to the balance connec- 
tor on the battery. This is necessary to 
ensure that each cell that makes up the 


(Values in brackets 
are for 24V version) 


SOLAR LIGHTING CONTROLLER 


battery is charged to the same level as 
the others. 

A suitable cell balancer is published 
elsewhere in this issue of SILICON CHIP. 


CalileiesistancelMusuBelKenl'OW 


When the Solar Charge Controller is used with a 120W panel, the charging cur- 
rent to the battery can be as high as 10A. Hence, the cable resistance between the 
Charge Controller and the battery should be made as low as possible, otherwise 
voltage losses will affect the changeover from the bulk charge to the absorption 
stage of charging. This will reduce the overall charging efficacy. 

To minimise these voltage losses, mount the charger close to the battery 
and use heavy duty cables. For a total cable length of less than one metre (ie, 
total wire length for the positive and negative wires), cables with a cross-sectional 
area of 1.29mm? (eg, 41 x 0.2mm) can be used. This will result in a voltage loss 
of just 100mV at 10А. 

For longer wire lengths, use heavier duty cable. For example, 8-gauge wire with 
7 x 95/0.12mm wire and a cross sectional area of 7.5mm? can be used with a total 
length of up to 5.5m. 


be soldered to the thermistor and the 
solder joints insulated with heatshrink 
tubing (polarity is unimportant). 
Note that you must have the ther- 
mistor connected if the mV/°C adjust- 


ment, as measured, at TP3 is above 0У. 
If it's left out, LED1 will flash to give 
the disconnected thermistor indica- 
tion and charging will not take place. 
Conversely, if VR3 is set to give ОУ at 
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0-2.5V 


2.5-4.9V 
Above 4.9V 


Table 3: Setting The Time-out Period 


2-250 seconds (approx. 4 minutes) iesu C Tnm nds 
4-480 minutes (up to 8 hours) fers oen 200 minutes 


EO TN 


ТРЗ (ie, 0mV/*C compensation), such 
as when using a LiFePO, battery, the 
thermistor can be left disconnected. 


Connecting the LDR 

The LDR will need to be connected 
to CONG if you want the lighting to be 
controlled by the ambient light level. 
You then have to set jumpers JP1 & JP2 
to determine whether the lights come 
on at night or during the day — see 
Table 1 last month. 

As with the NTC thermistor, the LDR 
can be attached via a length of single- 
core shielded cable (or use figure-8 
lead). The LDR should be mounted in 
a location where it receives ambient 
light only; not light from the lamps 
being switched by the Solar Charge/ 
Lighting Controller. 

An external switch can also be used 
for lamp on/off control. This should 
be a momentary-contact pushbutton 
switch. This is connected to CON2's 
switch terminals using figure-8 cable 
(ie, it connects in parallel with switch 
$1 on the PCB). 

Another option is to connect a PIR 
sensor to CON2 and use that to con- 
trol the lamp switching. An accompa- 


Order now from www.siliconchip.com.au/Sho 


or call (02) 9939 3295 and quote your credi card number. 
*See website for overseas prices. 
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Positioning The Solar Panel 


The solar panel should be mounted on a roof or in some other position where it 
has an unobstructed view of the sky. In Australia, NZ and other southern hemisphere 
locations, it should be set facing north (or south for northern hemisphere locations). 


The panel's inclination should be roughly 23? up from horizontal for NSW, SA, 


central/south WA and the North Island of NZ. Slightly higher angles are required 
for Victoria, Tasmania and NZ's South Island, while slightly lower angles will be 
needed for Qld, NT and northern WA. 


If in doubt, check the inclination required on internet sites. In addition, take care 
to avoid any possibility of shadowing (eg, from a pole or tree) as the sun traverses 


the sky. 


nying panel in this artricle describes 
how to do this. 


Setting the time-out period 
Depending on your application, the 
timer will need to be set to an appro- 
priate period. The time-out period can 
be adjusted from two seconds (2s) up 
to about eight hours using VR4. 
Table 3 shows the time-out with re- 
spect to the voltage on TP4, as set by 
VR4. This adjustment must be made 
while 51 is pressed, with a multimeter 
connected between TP4 and TPGND. 


For voltages up to 2.5V, the time- 
out period in seconds is simply the 
measured voltage multiplied by 100. 
For example, a 1V setting will provide 
a time-out of 100 seconds. 

For TP4 voltages above 2.5V, it’s a 
bit more complicated. The procedure 
is as follows: divide the required time- 
out period in minutes by 200, then 
add 2.5V to this figure and adjust VR4 
until the voltage at TP4 matches the 
calculated value. 

Note that the minimum time-out 
above 2.5V is four minutes. SC 
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CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions will be 
paid for at standard rates. All submissions should include full name, address & phone number. 


Hot-wire cutter with 
PICAXE heat controller 


The concept behind hot-wire cut- 
ting is to use a variable power supply 
and heat a length of nichrome resist- 
ance wire to just below red heat. This 
enables the heated wire to melt most 
foam plastic or Styrofoam materials 
and allows you to cut straight lines 
or intricate shapes. Nichrome wire 
expands when heated and you must 
include a spring to keep the wire taut. 

This hot wire cutter will cut foam 
materials up to 210mm thick and 
250mm from an edge and requires 
a timber frame with a length of ni- 
chrome wire tensioned by a spring. 
The nichrome wire came from Jaycar 
(Cat. WW-4040) and the spring from 
Bunnings (Century type C215). 

0.315mm Nichrome wire has a 
resistance of 13.77Q per meter or 
3.72Q for the 270mm length shown 
in the diagram. While you could 
drive the hot-wire cutter from an 
an adjustable bench power supply 
(capable of 12V DC at over ЗА), this 
circuit shows a better approach with 
a PICAXE-based heat controller and 
an ATX computer power supply. 

The PICAXE controller uses pulse 
width modulation at 5kHz with a 
variable mark space ratio and the 
average power delivered to the load, 
as set by VR1, can range from 50- 
10096, as needed. The 12V from the 
external power supply is fed directly 
tothe hot-wire and Mosfet Q1, while 
7805 regulator REG1 provides 5V DC 
to the PICAXE microcontroller (IC1). 

If using an ATX supply, you will 
need a switch between the green 
wire and any black wire on the main 
20-pin connector. Then connect any 
yellow and black wire as the 12V DC 
supply. Some supplies will need a 
100 10W load resistor across the 
5VDC red and black wires. 

The circuit shows an ICSP header 
to download the software into IC1 
and uses pin 2 as the serial input 
and pin 7 as the serial output. You 
will require a special PICAXE serial 
or USB cable (www.picaxe.com); 


download the hot-wire 08m2.bas 
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340mm LENGTH (LUG-TO4UG) 
OF 28 B&S NICHROME WIRE 
(0.315mm DIAMETER, 
13.770/METRE) 


40mm LENGTH OF 
12mm DIAM. COPPER 


basic program from the website at 
www.siliconchip.com.au 

Ian Robertson, 

Engadine, NSW. ($70) 
Editor’ note: an alternative to this hot 
wire cutter was featured in the De- 


2xA 
SPRING 
& REAR FEET ——— I. 


HOT WIRE CUTTER FRAME CONSTRUCTION DETAILS 


SCALE: 25% OF ACTUAL SIZE 


cember 2010 issue (www.siliconchip. 
com.au/Issue/2010/December/A + 
HotWire+Cutter+With+Inbuilt+ 
Heat+Controller) and a PCB is avail- 
able from our Online Shop at www. 


siliconchip.com.au/Shop/8/825. 
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BIAS VOLTAGE RANGE 18 - 30V 
AT 80mA CATHODE CURRENT 


FIG.1 CONSTANT RESISTANCE VERSION 


Adjustable current 


sink for valve biassing 


The Currawong Valve Amplifier 
project has stimulated significant 
interest in valve amplifier design 
and in particular, the concept of a 
variable cathode resistance for valve 
output stages. These designs are 
based on a Mosfet as an adjustable 
shunt regulator which is connected 
between the cathode of a valve (V1, 
V2, V3) and earth. 

In Fig.1, the Mosfet is configured 
essentially as a constant voltage 
shunt regulator. The circuit relies on 
the fact that a typical power Mosfet 
has a non-zero gate threshold voltage 
which can be used as a voltage refer- 
ence in an appropriately designed 
negative feedback network. This 
makes such Mosfets suitable for use 
in simple shunt regulator circuits. 

However, bear in mind two things: 
First, the gate turn-on voltage varies 
widely between Mosfets of different 
types and to a lesser extent, between 
Mosfets of the same type. Second, 
the turn-on voltage of a Mosfet is 
somewhat temperature dependent. 
As a result, it is important to take 
these factors into account before 
using this kind of circuit in critical 
applications. 

The circuit in Fig.1 works as fol- 
lows: trimpot VR1 together with the 
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BIAS VOLTAGE RANGE 18 - 40V 
AT 80mA CATHODE CURRENT 


FIG.2 VARIABLE RESISTANCE VERSION 


3.3kQ resistor form a voltage divider 
network which is connected from the 
drain ofthe Mosfet to earth. Negative 
feedback via the divider networks 
causes the Mosfet to maintain a 
relatively constant voltage across its 
drain-source terminals over a wide 
range of operating currents. 

The gate threshold voltage of the 
specified Mosfet is about 4V and 
hence, by negative feedback action, 
the drain-source voltage is approxi- 
mately the gate turn-on voltage (ie, 
4V) multiplied by the resistance ratio 
R/Rx where R is the total series resist- 
ance and Rx is the resistance from 
the wiper of the trimpot to ground. 

Because the Mosfet acts as a con- 
stant voltage shunt regulator, the 
dynamic resistance of the circuit is 
determined essentially by the 1800 
series resistor. In principle, this 
resistor can be omitted if one wants 
a constant voltage at the cathode (a 
constant valve cathode bias voltage). 
However, in practice, a small amount 
of dynamic series resistance between 
cathode and earth may be useful to 
reduce variations in the valve plate 
current due to changes in operating 
temperature, valve aging etc. 

The 10kQ resistor and the 100nF 
capacitor form a low-pass filter, in 
part to reduce the high-frequency 
response of the circuit (which in 
general is desirable in this kind of 


+400V 
REGULATED 


(+12V 
REGULATED) 


10k 


BIAS VOLTAGE RANGE 17 - 30V 
AT 80mA CATHODE CURRENT 


FIG.3 IMPROVED VARIABLE 
RESISTANCE VERSION 


application) and in part to reduce 
pot noise. 

Zener diode ZD1 is included in 
the circuit to protect the Mosfet 
from any unexpected voltage spikes, 
arising from current surges within 
the valve such as might result from 
internal flash-over. The idea is that 
if a current surge should occur, any 
resulting current flowing through the 
zener would cause the gate voltage to 
rise. The rise in gate voltage, in turn, 
would cause the Mosfet to conduct 
more heavily, thereby shunting any 
excessive energy to earth before dam- 
age to the Mosfet occurs. 

Alternatively, a high power (eg, 
3W) zener diode could be connected 
directly across the drain-source 
terminals of the Mosfet to protect it. 

Figs.2 & 3 differ from Fig.1 primar- 
ily in that the cathode series resistor 
is incorporated within the feedback 
circuit (between source and earth) 
and this gives the shunt regulator 
a variable dynamic resistance, de- 
pending on the setting of the pot. 

The circuit in Fig.3 can be re- 
garded as an “improved variable 
resistance version” for two reasons: 
First, it shows improved linearity in 
the voltage-current curves in the low 
current region and second, it has a 
wider range (particularly at low plate 
currents). These improvements are 
achieved by including an external 
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Soldering 


iron timer 


Timers are available to turn power 
off after a preset time but this design 
is specifically intended for soldering 
irons and has two extra features. 
First, the timer is automatically reset 
every time the soldering iron tip is 
wiped across the wet sponge and 
second, it beeps near the end of the 
set period to remind the user it is 
about to switch off. 

The timer is based on a 4060 
CMOS timer, IC1, which has an 
internal oscillator and 14-stage 
binary counter. Not all stages have 
connection to external pins and the 
clock speed is set by the components 


bias voltage that compensates for 
the non-zero gate turn-on voltage of 
the Mosfet. 

Without the external bias volt- 
age, the minimum voltage that the 
shunt regulator circuit can maintain 
is equal to the gate turn-on voltage, 
which in this case is about 4V. You 
can reduce the minimum shunt volt- 
age by using a Mosfet with a lower 
turn-on gate voltage but you cannot 
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connected to pins 9, 10 & 11. 

With the clock set to 7Hz, the time- 
out is about 20 minutes, with beeper 
alert during the last 18 seconds. A 
higher clock speed will result in a 
shorter time-out time and vice versa. 

The tip cleaning sponge, which 
must be wet and isolated from earth, 
is connected to the12V rail viaa 1MO 
resistor. When the tip (which must 
be properly earthed) touches it, the 
4049 inverter input is pulled low, 
providing a positive reset pulse to 
pin 12 of the 4060. 

The 100КО resistor and 0.1ҺЕ 
capacitor provide some noise im- 
munity and ESD protection. 

During operation, when output 
04 (pin 7) of IC1 goes high, a short 


reduce the shunt voltage to zero 
without modifying the circuit. 

By incorporating an external bias 
voltage as shown, you can compen- 
sate for the gate turn-on voltage so 
that in principle, the shunt voltage 
could be arbitrarily as close to zero 
as possible. 

However, the optimal compen- 
sating bias voltage in Fig.3 varies 
with the setting of the trimpot. The 


+12V 


RELAY 
(12V COIL, 250VAC 


pulse (100ms) is generated each 2.3 
seconds, causing LED1 to flash. Af- 
ter about 19 minutes, when output 
Q14 (pin 3) goes high, the beeper 
section is activated and the piezo 
element beeps briefly each time the 
LED flashes. 

The timing ends and the relay 
turns off when Q14 is high and Q8 
becomes high. 

A 12V relay with 250VAC-rated 
contacts (SPST) typically requires 
30mA and the 12V DC power sup- 
ply should be able to deliver 60mA. 

Caution: for safety reasons, sol- 
dering irons should not be left on 
unattended 

Charles Tivendale, 

Edithvale, Vic. ($60) 


challenge, when designing a circuit 
such as this, is to configure the 
circuit so as to minimise that vari- 
ation and thereby to obtain the best 
possible compromise over the full 
range of the pot. The component 
values are rather critical if you want 
to obtain optimal performance over 
a desired operating range. 

Herman Nacinovich, 

Gulgong, NSW. ($80) 
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INPUT 


CONVENTIONAL GERMANIUM DIODE DETECTOR 


5k 10nF 


DETECTOR LOAD 


2 x 8T BIFILAR WOUND 


100nF 


Fig.1: this diagram shows a conventional germanium 


diode detector is shown at top left, while at right is the 


Supadetector. 


SUPADETECTOR 


Improved AM detector has low distortion 


A germanium detector diode, 
like any diode with forward voltage 
drop, gives a very distorted response 
when the signal amplitude is below 
a few hundred millivolts and it has 
square law properties in that zone. 

To make the detector work well at 
low signal levels, it can be forward 
biased. But the amount of forward 
bias needs to be temperature-com- 


pensated and exactly right for the 
germanium diode junction and not 
too dependent on battery voltage. 
You can also do this in crystal sets 
etc to make the diode work better on 
weak signals. 

This “Supadetector” was designed 
to replace the germanium detector in 
some communications radios. It acts 
as though it has little forward voltage 


drop, like an op amp precision detec- 
tor but it uses a transistor and two 
diodes for full-wave rectification. 
Although it looks just like a single 
RF stage, it has a high load imped- 
ance provided by a bifilar-wound 
inductor which drives two diodes. 
This means there is a severe mis- 
match between the inductor and 
the detector load but even at low 


& Hobbies: the COMPLETE archive on DUD 


This remarkable collection of PDFs covers every issue of R & Н, as it was known from 


Am А the beginning (April 1939 — price sixpence!) right through to the final edition of R, TV & Н 
MO 


CENTURY in March 1965, before it disappeared forever with the change of name to EA. 
АТЕЙ c CS For the first time ever, complete and in one handy DVD, every article and every issue 
ОРЕ is covered. 


HISTORY! 


If you’re an old timer (or even young timer!) into vintage radio, it doesn’t get much more 
vintage than this. If you’re a student of history, this archive gives an extraordinary insight 
into the amazing breakthroughs made in radio and electronics technology following the war 
years. And speaking of the war years, R & H had some of the best propaganda imaginable! 


e Every issue individually archived, by month and year 
e Complete with index for each year 


e A must-have for everyone interested 
in electronics 


рар 
Ж Order now from www.siliconchip.com.au/Shop/3 or call 
(02) 9939 3295 and quote your credit card number. 


siliconchip.com.au 


70 SILICON CHIP 


к=н= 


RELATIVE 

OUTPUT; 
20 x log (R/S) 124 

WHERE Lo жылд жесш 
В= ВЕСОУЕВЕР == 
MODULATION  -1808 ---- 

$ = SIGNAL 

MODULATION 


"248 


Fig.2 above: this graph shows the output response curves for an ideal detector (green), a 1N60 diode detector (blue) 
. and the Supdetector circuit shown in Fig.1. 


signal levels, the inductor voltage 
rises high enough to maintain a good 
diode current, 

The accompanying graph (Fig.2) 
shows the straight line output of an 
ideal detector (green) while a 1N60 
diode is shown in blue. The Supa- 
detector (red) is a great improvement 
and still shows quite good perfor- 
mance for signals below 10mV peak 
(7mV КМ9). 

This version of the circuit was for 
use in a positive ground radio but it 
can be made a number of ways for 
positive or negative ground circuits 
and transistors of either polarity. 
It pays to have coiled loops on the 
germanium diode wires to prevent 
physical trauma to the glass and 
thermal trauma to the junction when 
soldering. 
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Got an interesting original circuit that you have cleverly devised? We need it and will pay good money to feature it in 
the Circuit Notebook pages. We can pay you by electronic funds transfer, cheque (what are they?) or direct to your 
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Below: the author's Supadetector prototype was 
built on a small PCB. 


noted in Horowitz & Hill's textbook 
The Art of Electronics. 

Hugo Holden, 

Minyama, Qld. ($70) 


The original idea to drive a diode 
with a current source and not a volt- 
age source, to overcome low level 
signal non-linearity in a detector is 


Circuit Ideas Wanted 


MARCH 2016 71 


Battery Pack 
Cell Balancer 


Many multi-purpose chargers can handle lithium-ion, lithium-polymer 
or ІЛҒеРОд batteries. But they may not balance the charge between 
individual cells and this can lead to incomplete charging and premature 
failure. This small device solves this by providing the balancing 
function separately. It can also be used with Nicad and NiMH packs for 
a longer life-span and is suitable for use with the MPPT Solar Lighting 
Charger/Controller published elsewhere in this issue. 


RADITIONAL BATTERY chargers 
treat a battery as a device having 
two terminals, delivering current until 
the battery voltage reaches a certain 
level. The termination voltage is the 
fully-charged cell voltage multiplied 
by the number of cells and the as- 
sumption is that the when the battery 
reaches this voltage, each cell is fully 
charged. However, this relies on the 
cells being identical. 
Similarly, the battery is determined 
to be flat when the overall voltage 
reaches a level indicating that each 


By Nicholas Vinen 


cell is fully discharged. But if one cell 
starts out with a lesser charge or dis- 
charges faster for some reason, it could 
be over-discharged before this thresh- 
old is reached. This could damage the 
cell, leading to lower capacity and a 
shorter battery-pack life. 

It's quite typical for a battery-pack 
to fail because the internal resistance 
of just one cell has gone high. The 
charge and discharge current must 
flow through all cells, so once one cell 
can no longer pass enough current, the 
whole battery is useless. Similarly, if 


FeaturesmiSpecificalions 


Very low quiescent current: <25рА 


No external power required 
Automatically detects number of cells 


LEDs indicate balance status 
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Balances Li-ion, LiPo or LiFePO, batteries with 2-8 cells 
Can also balance NiMH or Nicad packs with 4-8 cells 
Fully charged battery voltage of up to 33.6V (8 x 4.2V) 
Suitable for use with chargers up to 10A 

Will work with chargers >10A but not as effectively 
Cell balancing shunt current: ~200mA 


Compact PCB can be mounted next to battery pack 
Works with virtually any non-balancing charger 
Plugs straight into typical battery balance connectors 


Detection of charging by cell voltage or via external signal 
Adjustable cell voltage balance start threshold via resistor 


one cell’s voltage is especially low 
(or perhaps even negative), the fully 
charged battery voltage may be insuf- 
ficient even though the rest of the cells 
are healthy. 

So for the longest battery life you 
need to ensure that all cells are charged 
and discharged equally. Even with a 
brand new battery, cell capacity may 
vary slightly (by one ot two percent, 
say) but over time, this can worsen. 
This effect is greater with lithium- 
based cells than other types, which is 
why it’s important to ensure they are 
properly balanced during charging. 

Consider a 4-cell LiPo battery with 
one cell that has 2% lower capacity 
than the others. All cells start out fully 
discharged at 3V, ie, the battery is at 
12V. It is then charged to 16.8V, which 
we would expect to yield 4.2V per cell. 
However, since the lower capacity cell 
will charge faster, it may have reached 
4.3V while the other cells are all at 
4.166V. 4.3V + 4.166V x 3 = 16.8V, so 
the charger can’t tell the difference. 

This cell has now been over-charged 
and this could lower its capacity fur- 
ther, to say 3% below the rest. De- 
spite its lower capacity, it has a higher 
charge state than the other cells, so 
after discharge the voltages may be 
equal again. But eventually its capacity 
could drop so much that it also starts 
discharging further than the other cells 
each cycle, accelerating the damage. 

The simple solution is to monitor 
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Fig.1: a simplified circuit showing the general principle of cell balancer 
operation. We're showing four cells but our balancer will work with up to 
eight. Mosfets are connected across each cell, to divert some of the charge 
current if that cell's voltage rises higher than the others. Analog switching, 
driven by a microcontroller, allows each cell to be connected across the 
inputs of an instrumentation amplifier, so the micro can measure that 

cell's voltage. A charge pump is used to provide sufficient voltage for the 
instrumentation amplifier to operate, while a transistor allows its supply to 


be switched off when it isn't being used. 


the voltage of each cell during charging 
and shunt current around those cells 
which have a higher voltage than the 
others. This reduces the charge deliv- 
ered to lower capacity cells, so they 
all reach the correct charge termina- 
tion voltage simultaneously. This not 
only prevents weak cells from being 
over-charged but also stops strong cells 
from being under-charged. 

Arguably, it's a good idea to moni- 
tor and balance cell voltages during 
discharge too, however if balancing 
occurs during charging, this should 
hopefully keep the cells healthy and 
they will discharge at a more or less 
equal rate. Serious imbalances nor- 
mally take multiple charge/discharge 
cycles to build up, so regular cell bal- 
ancing during charging is thought to 
be sufficient. 

However, should you wish to bal- 
ance a battery pack while it's being 
discharged, our unit can do that too. 
It can be constantly active, drawing 
very little current until an imbalance 
is detected, at which point it “wakes 
up" and attempts to rectify it. 


Our cell balancer 


The concept of a cell balancer is 
quite simple. It periodically checks 
the voltage of all cells. If one cell has 
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a significantly higher voltage than the 
others, some of the charge current is 
shunted around it or if the battery is 
not currently being charged, it is dis- 
charged slightly. This reduces its volt- 
age back in line with the others. This 
process is continuous so that as soon 
as any cell's voltage starts rising above 
the others, it is brought back in line. 


Block diagram 

The basic principle is shown in 
the simplified circuit of Fig.1, drawn 
with a 4-cell battery. Blue arrows show 
the flow of current from the charger 
through the battery. The second cell 
has a higher voltage than the others, 
so the microcontroller enables the cor- 
responding Mosfet to divert some of 
the charge current around it. 

There are some complications to this 
approach. Cell voltages will need to be 
measured accurately so that small im- 
balances can be detected before they 
become significant. Ideally, inter-cell 
error should be around 10mV or less. 

This will preventunnecessary shunt- 
ing/discharging of the cells due to 
measurement error. In the worst case, 
if there is a bias in the way the bal- 
ancer measures cell voltages, it could 
actually imbalance an already bal- 
anced pack! 


Also, if the balancer is to be left 
connected to the battery pack (which, 
in fixed installations, it would be), it 
needs to have negligible drain when 
the battery is not being charged or 
balanced. Ideally, it should be able 
to detect when charging is occurring 
and switch off for the rest of the time. 

It also needs to be able to shunt a 
sufficiently large percentage of the 
charge current to be able to "keep up" 
with the rate at which cell imbalance 
can occur, without this resulting in ex- 
cessive dissipation which could cause 
undesired heating of the balancer or 
the battery. 

It should also ideally suit a wide 
range of battery types, from two cells 
or more and including all the differ- 
ent chemistries that may require bal- 
ancing. 

In order to accurately assess the dif- 
ference in cell voltages, we've avoided 
using a voltage divider. If we had sim- 
ply connected each cell to a micro's 
ADC inputs with its own divider, it 
would be difficult to assure cell-to- 
cell accuracy. And if we used dividers 
after some sort of analog switching ar- 
rangement, they would have to be very 
accurate to keep the common mode 
rejection ratio (CMRR) high enough. 


Independent cell measurement 

Instead, we are using analog switch- 
es to connect one cell at a time to an 
instrumentation amplifier. This is ef- 
fectively a differential op amp with a 
very high input impedance and a very 
high CMRR. These both contribute to 
providing very good differential volt- 
age sensing accuracy. Its output is the 
voltage of the selected cell and this is 
then fed to the ADC input of a micro- 
controller. 

The micro we have chosen is a 
PIC16LF1709, running at 3.3V. This 
has a 10-bit ADC which is sufficient 
to sense cell voltages with a resolu- 
tion of less than 5mV or even better 
with averaging. It's also capable of an 
ultra-low-power sleep mode, to mini- 
mise current drain when balancing is 
not occurring. To this end, it has been 
teamed up with an ultra-low quiescent 
current regulator and it can switch 
powerto the instrumentation amplifier 
off when it isn't being used. 

Current is shunted around a cell 
during charging, or the cell is partially 
discharged, by switching on a Mosfet 
connected across the cell with a pair 
of current-limiting resistors. These 
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2 Fig.2: the complete Cell Balancer circuit. Cell voltages at CON1 are connected to instrumentation amplifier IC4 by high- 
voltage analog switches IC1 and IC2, then to microcontroller IC3's AN11 analog input. IC3 can then switch on one of 
Mosfets Q5-Q11 which in turn activate Mosfets Q1a-Q3b or Q4 to shunt current around or discharge the cell with the 
highest voltage. The bottom-most cell is shunted directly by Mosfet Q12. IC3's pin 11 output drives a charge pump to 
boost IC4's supply so it can operate over the entire battery voltage range. 
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Pantsilist 


1 double-sided PCB, code 
11111151, 69 x 35.5mm 

1 3-way to 9-way pin header, 
2.54mm pitch, straight or right 
angle to suit battery pack 
(СОМ1) 

1 3-way pin header, 2.54mm pitch, 
with optional jumper shunt 
(CON2) 

1 5-way pin header, 2.54mm pitch, 
straight or right angle (CONS, 
optional, for ICSP) 

1 100mm length of heatshrink 
tubing, 50mm diameter 
(optional) 


Semiconductors 

2 DG409DY quad high-voltage 
CMOS switches, SOIC-16 
(IC1,IC2) 

1 PIC16LF1709-I/SO 8-bit 
microcontroller programmed 
with 1111115A.hex, SOIC-20 
(ІСЗ) 

1 AD8226BRZ single supply 
instrumentation amplifier, 
SOIC-8 (IC4) 

1 RT9058-33GV 3.3V (36V in) 
100mA low-dropout, low-lg 
regulator, SOT-23 (REG1) 


Mosfets are controlled by individual 
output pins on the microcontroller. 


Circuit description 

The full circuit of the cell balancer 
is shown in Fig.2. The battery balance 
connector is usually a 2.54mm-pitch 
JST type which plugs into CON1 with 
the negative-most terminal to pin 9, as 
shown. Between two and eight cells 
are connected and with fewer than 
eight cells, some pins will not con- 
nected. 

The terminals of CON1 are wired 
directly to the inputs of two dual 4-to- 
1 multiplexer ICs, IC1 & IC2. These 
DG409s will tolerate up to 44V and 
have a maximum on-resistance of 
100Q. They are wired so that, depend- 
ing on the state of their control input 
pins (А0, A1 and EN), one cell ata time 
can be connected to the inverting and 
non-inverting inputs of instrumenta- 
tion amplifier IC4 (pins 1 & 4). 

For example, if AO and A1 are low 
(OV) and the enable pin of IC1 is high, 
pin 1 of CON1 is connected to pin 4 of 
IC4 while pin 2 of CON1 is connected 
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1 high-brightness red LED, SMD 
3216/1206 (LED1) 

1 high-brightness green LED, SMD 
3216/1206 (LED2) 

3 DMP3085 dual 30V P-channel 
Mosfets, SOIC-8 (Q1-Q3) 

1 DMP2215 20V P-channel Mosfet, 
SOT-23 (Q4) 

9 BSS138 logic level N-channel 
Mosfets, SOT-23 (Q5-Q13) 

1 BC856 PNP transistor, SOT-23 
(Q14) 

8 BAT54CFILM dual 40V Schottky 
diodes, SOT-23 (D1-D8) 

1 BAT54SFILM dual 40V Schottky 
diode, SOT-23 (D9) 


Capacitors (SMD 3216/1206, X5R/X7R) 
8 1uF 50V 
2 10nF 50V 


Resistors (SMD 3216/1206, 1%, 14W) 


1 3.3MO* 

11М0 

10 47КО 1470 

1 22kQ 9 100 0.5W** 

* change to set balance start voltage 
threshold 

** 4.70 0.5W preferred for use with 
NiMH/Nicad 


3 10kQ 
2 1kQ 


to pin 1 of IC4. Therefore, the voltage 
across the top-most cell of the battery 
(assuming it has eight) appears across 
IC4's inputs. IC4 is configured for unity 
gain, with no resistor between pins 2 
& 3. Thus, the difference between the 
voltage at either end of the selected 
cell appears at output pin 7. 

This is fed to analog input AN11 
(pin 12) of the PIC16LF1709 micro- 
controller via a 10kQ/22kQ resistive 
divider, with a 10nF capacitor con- 
nected across the bottom leg to act as 
a noise filter. The divider ensures that 
even with a fully-charged lithium-ion 


_or lithium polymer battery, with a cell 


voltage ofup to say 4.3V, no more than 
2.96V will be fed to IC3 and this is well 
below its 3.3V supply, which also acts 
as the ADC reference voltage. 

So basically, the micro can measure 
the voltage across each cell by control- 
ling the state of its output pins 13/RB4 
(to A0), 14/RC2 (to A1), 15/RC1 (to IC2 
ЕМ) and 16/RCO (to IC1 EN). Because 
ituses the same circuitry in each case, 
errors should be consistent, making 
for accurate cell voltage comparisons. 


IC4 has a CMRR ofat least 90dB with 
unity gain, so the error due to absolute 
cell voltage variation is tiny — with 
30V between the bottom and top cell 
voltages, the resulting error will be 
less than 1mV. Besides noise, the other 
source of error is variation in the on-re- 
sistance between the analog switches 
in IC1 and IC2. However, since IC4 has 
an extremely high input impedance of 
around 400МО, this error will also be 
negligible; less than 104 V. 


Cell balancing 


During charging, microcontroller IC3 
scans the cells about once per second, 
to determine if there is a significant 
difference in their voltages. If there is, 
it switches on one of Q1a-Q3b, Q4 or 
Q12 to shunt some current around it, 
reducing that cell's charge rate. 

One of these Mosfets is connected 
across each cell, with a 100 series ге- 
sistor at either end (the bottom cell is 
slightly different). Many of these re- 
sistors are shared, to cut down on the 
component count, meaning normally 
only one Mosfet will switch on at a 
time, to keep dissipation within com- 
ponent limits. 

The bottom-most cell is discharged 
by N-channel Mosfet Q12. Its gate is 
driven directly from output pin 10 
(RB7) of micro IC3 and when that line 
goes high, it sinks current from the 
positive terminal ofthis cell through a 
pair of series-connected 100 resistors 
to ground. Assuming this is a fully- 
charged Li-Po cell at around 4.2V, the 
shunt current is 4.2V + 200 = 210mA. 

If the battery is being charged at, 
say 5A, this means that 4.296 of the 
charge current will be shunted around 
this cell, so it will charge more slowly 
than the others and eventually the 
voltages will re-balance. If charging is 
not occurring then this cell will simply 
discharge at a rate of 210mA, until its 
voltage has been reduced to be in line 
with the other cells. 

The other seven cells (or however 
many are present) are discharged by 
one of P-channel Mosfets Q1-Q4. Six 
of these are part of DMP3085 dual 
Mosfets while the seventh is a single 
DMP2215 Mosfet. Each is normally 
held off by а 47kQ resistor between its 
gate and source terminal, and switched 
on when the gate is pulled to ground 
by one of Q5-Q11, which are small- 
signal N-channel Mosfets. 

Like Q12, these are driven directly 
from the outputs of micro IC3, from 
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pins 2-9. These are logic-level Mosfets 
and require less than 2V at the gate to 
sink more than 100mA. Q5-Q11, in 
combination with the gate pull-up re- 
sistors, effectively form level shifters 
to provide the different voltage levels 
to drive the gates of Q1-Q4. 

The DMP3085 Mosfets used have a 
maximum gate-source voltage of 30V, 
so Q2 and Q3 require no gate voltage 
limiting. Q4 does not require gate volt- 
age limiting either as it's connected 
across the second-from-bottom cell 
and so its source will never be more 
than 9V above ground. However, for 
Q1a and Q1b, two extra 47kQ resistors 
are connected between the drains of 
Q5/Q6 and their gates to reduce the 
gate drive voltage to a maximum of 
-20V. 

The discharge Mosfets do not need 
to be switched quickly, so the rela- 
tively high-value 47kQ resistors do not 
interfere with their function. 


Power supply 

REG1 is fed the full battery voltage 
via one of dual Schottky diodes D1-D4. 
A 470 filter/dropper resistor reduces 
dissipation in REG1, an SMD 3.3V low- 
dropout linear regulator, while also 
filtering out any hash from the charger 
or spikes from discharge pulses. 

The 3.3V rail supplies microcontrol- 
ler IC3 and is also used as a reference 
voltage for its ADC, as stated earlier. 

The Увдт rail from the cathodes of 
D1-D4 also powers multiplexers IC1 
and IC2 via series Schottky diodes D5 
and D6. These diodes provide protec- 
tion for IC1 and IC2 against over-volt- 
age at their inputs, since their internal 
clamp diodes will automatically boost 
the supply if this happens (and D5/D6 
would become reverse-biased). Nor- 
mally this is not an issue but when a 
battery is initially plugged in, not all 
of its pins may make contact at the 
same time, so we’re protecting these 
ICs as per the suggested arrangement 
in the data sheet. 

The power supply for IC4 is some- 
what more complex. To avoid draining 
the battery when it isn’t being charged 
or balanced, micro IC3 switches off IC4 
using PNP transistor Q14. To switch 
Q14 on, IC3 drives its RB6 output high 
(pin 11), which charges N-channel 
Mosfet Q13’s gate via an RC filter. Q13 
then sinks current from Q14’s base via 
a 10kQ current-limiting resistor, turn- 
ing it on and allowing current to flow 
to IC4’s supply pin via D7. 
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Fig.3: operation of the charge pump which supplies IC4. Initially, IC4's supply 
(yellow) is below the battery voltage (green) due to the two Schottky diodes and 
one PNP transistor its supply current must pass through. Once the charge pump 
begins operation, it quickly climbs above the battery voltage, eventually settling 
about 4V higher after 8ms or so. The micro then quickly takes the measurement 
using its ADC before the supply voltage drops. 


But that isn't the end of the story 
because while IC4 can handle input 
voltages down to its negative rail (ie, 
GND), the inputs must remain below 
its positive rail for correct operation. 
The voltage between the positive-most 
inputand the positive supply rail must 
be at least 1V plus halfthe output volt- 
age to remain in the common-mode op- 
erating range, which in our case means 
we need a *headroom" of around 3.1V 
(1V + 4.2V = 2). 

The forward voltage of D1-D4 & D7 
means that normally IC4's supply will 
be around 0.6V below the positive- 
most battery terminal, so we need to 
boost its supply by 3.1V + 0.6V = at 
least 3.7V to correctly sense the top 
cell voltage. 

So, before measuring the voltage of 
the top-most cell, after RB6 is brought 
high and the 1pF capacitor at Q13's 
gate is fully charged, IC3 pulses its 
RB6 output around 50 times before 
taking the first measurement, with a 
frequency of around 5kHz. This drives 
a charge pump which increases IC4’s 
supply voltage to about 4V above the 
battery voltage, allowing it to properly 
measure the voltage of the top cell(s). 

Fig.3 shows how the supply voltage 
to IC4 rises during this period, from a 


little below the 20V battery voltage in 
this example to around 24V. 

It works as follows: when RB6 goes 
low, 1ҺЕ capacitor C1 charges from 
the battery supply via 014 and D8, 
to around 0.75V less than the battery 
(point *a", Fig.2). When RB6 goes high 
again, point "a" increases by about 
3.3V, to around 2.5V above the battery 
voltage. C2 is then charged to slightly 
less than this (at point “b”), via one 
half of dual series Schottky diode D9. 

When RB6 next goes low, C3 charges 
to around 2V above the battery voltage 
via the second half of D9 (point "c"). 
When RB6 goes high again, point "c" 
is boosted to around 4V above the bat- 
tery voltage and current flows through 
the lower half of dual Schottky diode 
D7, forming IC4’s supply. This drops а 
little during RB6's off-time but remains 
sufficiently high to complete several 
ADC conversions. 

By starting with Q13's gate at 3.3V 
and keeping the duty cycle relatively 
high, Q13 is prevented from switching 
off before the charge pump has done 
its work, despite the fact that RB6 is 
being modulated. 


Balance current 
The 100 resistors have been chosen 
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Fig.4: all SMD components are mounted on the top of the double-sided PCB. The pin headers can be straight or right- 
angle types and can be fitted on either side. Take care with the orientation of IC1-IC4, Q1-Q3, LED1 & LED2. The other 
components are either non-polarised or their orientation is fairly obvious. Note: photo shows prototype PCB assembly. 


to limit current to a safe level with 
lithium-based rechargeable cells. For 
NiMH/Nicad, since the cell voltage is 
substantially lower (less than half), 
ideally 4.70 0.5W resistors should be 
substituted. The unit will still oper- 
ate with 100 resistors but the shunt 
current will be below 100mA and this 
may be insufficient to keep the cells 
balanced, depending on the charge 
current. 

Note though that 4.70 is too low for 
use with Li-ion, LiPo and LiFePO, bat- 
teries as they would dissipate nearly 
1W each ((4.3V + 2)? + 4.70). 


Software operation 

The first thing that the software 
does, after setting up the input and 
output pins, is to determine the num- 
ber of cells in the battery by measuring 
the voltage of each one and checking 
that itis above a minimum threshold. 
It expects to find a contiguous set of 
at least two cells starting from the bot- 
tom; otherwise, it flashes red LED1, 
waits a little while, then checks again. 
Oncea valid battery has been detected, 
normal operation begins. 

When checking for the presence of 
a cell, the corresponding shunt/dis- 
charge Mosfet is switched on briefly 
to remove any stray charge that may 
be present, which could give a false 
reading. 

The main loop checks the voltage 
on pin 17 and goes into a sleep mode 
ifitis below the 0.95V threshold (cor- 
responding to a 4.085V trigger thresh- 
old with the values shown in Figs.1 & 
3). After spending some time in low 
power sleep mode, the watchdog timer 
wakes the chip up and the pin 17 volt- 
age is checked again. 

Assuming pin 17 is at least 0.95V, 
the software switches on power to IC4, 
waits for its bypass capacitor to charge, 
then initiates the charge pump to bring 
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its supply voltage up. Once that's com- 
plete it quickly scans the cells, from 
the highest to the lowest, measuring 
the voltages and storing them. It then 
makes a decision about whether to 
shunt/discharge any cells. If they're 
all basically equal, it ceases balancing 
and goes back to the main loop. 

If balancing starts, the cell with the 
highest voltage is shunted/discharged. 
If there is a tie then they are handled 
in around-robin fashion to balance the 
shunt current evenly. Each time, after a 
few seconds of shunting/discharging, 
the cell voltages are re-checked and a 
new decision is made. 


Balance initiation 

You can connect an external signal 
to pin 2 of CON2 to initiate balancing; 
for example, you could connect an out- 
put from your battery charger that goes 
high (to at least 4.5V) during charging. 
Foralowerthreshold, reduce the value 
of the 3.3MQ resistor. For example, to 
suit a 3.3V signal, use a 1MQ resistor, 
setting the threshold to 1.9V. 

Alternatively, you can short out 
pins 1 & 2 of CON2, eg, with a jumper 
shunt. Balancing then starts whenever 
the bottom-most cell of the pack ex- 
ceeds 4.1V. This voltage was chosen 
so that when a Li-ion or Li-Po battery 
is approaching full charge, balancing 
will begin but will cease once the bat- 
tery has been discharged below ap- 
proximately 9096 of full charge. This 
prevents unnecessary battery drain if 
the cells become imbalanced during 
discharge. 

There's no inherent reason why 
cells can not be balanced during dis- 
charge; in fact, arguably this is a good 
idea. However, it will increase battery 
current drain slightly and may reduce 
shelf-life after charging. It may also trig- 
ger low-battery cut-out on the powered 
device earlier. However, this could bea 


good thing as it will prevent any single 
cell from being over-discharged. 

The balance initiation threshold can 
also be changed by selecting a different 
value for the 3.3MQ resistor. Simply 
take the desired cut-off voltage, divide 
by 0.95, subtract one and pick the near- 
est resistor value in megohms. This 
will be necessary for different battery 
chemistries (eg, NiMH). 


Construction 

АП components are fitted to one side 
ofthe PCB, with the possible exception 
of the headers, depending on your re- 
quirements. Use the PCB overlay dia- 
gram, Fig.4, as a guide for assembly. 

Start by fitting the ICs. The simplest 
method is to apply a little solder to 
one of the pads, then heat that solder 
while sliding the IC into place. Once 
you've done that, check carefully that 
pin 1 is orientated correctly, which is 
usually indicated by a divot or dot in 
the corner. 

Failing that, look for a bevelled edge 
on the IC package. Then check that all 
the pins are correctly centred over their 
pads. If not, reheat the initial solder 
joint and nudge the IC into place. You 
can then solder the remaining pins and, 
finally, refresh the initial solder joint. 

Follow with Mosfets Q1-Q3 which 
аге in similar packages to IC4. Next, 
install all the components in SOT-23 
packages which includes all the di- 
odes, the remaining Mosfets and bi- 
polar transistor Q14, as well as REG1. 
A similar method can be used, where 
one pin is tacked down before the other 
two are soldered and the initial joint 
refreshed. Be careful not to get any of 
these parts mixed up as they all look 
very similar. 

Follow with the resistors and ca- 
pacitors using a similar technique. 
The resistors will have an abbreviated 
code printed on the top showing the 
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value, eg, 223 for 22kQ (22 x 103). The 
capacitors will be unmarked although 
you will probably be able to pick them 
apart as the 1uF types should be physi- 
cally larger. If you're planning on using 
4.70 resistors rather than 100, keep 
that in mind. 

That just leaves two SMDs, both 
LEDs. You will need to determine 
which end is the cathode. This is often 
marked on the package with a green 
dot, however we've seen LEDs which 
mark the anode with a green dot too, 
so it's safest to check. Generally, this 
can be done with a DMM set on diode 
test mode. Probe each end of the LED 
with the leads. If it lights up, the red 
lead is connected to the anode and the 
black to the cathode. If not, try flipping 
the LED around. 

Once you've worked out which end 
is the cathode (and also revealed the 
colour), solder it in place. Note that 
LED1 is red and LED2 is green and that 
the cathode (indicated with a K) goes 
towards the righthand edge ofthe PCB. 

Battery connector CON1 can be sol- 
dered to either side of the PCB and 
you can use a straight or right-angle 
header. We used a right-angle header 
on the top ofthe board to minimise the 
overall thickness ofthe unit. You may 
wish to use a header with fewer than 
nine pins, to suit your battery connec- 
tor, as this will make it easier to plug 
in. However, you could just solder in 
a 9-pin header to suit any battery pack 
with 2-8 cells. 

CON3 can be omitted if your mi- 
crocontroller is already programmed. 
We used a right-angle programming 
header, again to minimise thickness. 

For CON2, we used a straight header 
as we simply fitted a jumper shunt 
so that balancing would begin auto- 
matically once the battery reached a 
sufficient cell voltage. However, you 
could simply fit a wire link between 
“EN” and “CELL1” if desired. Alter- 
natively, connect a pair of wires be- 
tween GND and EN, with or without 
the pin header. 

Note that, while it would be possible 
to leave out some components if you 
do not need to handle batteries with 
more than six cells, we’ll leave it to 
individual constructors to figure out 
which ones can be omitted. 


Usage 

If IC3 has not already been pro- 
grammed, download the hex file from 
the SILICON CHIP website (free for sub- 
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scribers). Program the chip using a 
PICkit 3 or similar.. You can use the 
PICkit 3 to power IC3 but be careful 
not to exceed its 3.6V maximum sup- 
ply rating. 

Ideally, it’s a good idea to do some 
basic checks before connecting a bat- 
tery. If you have a current-limited 
bench supply, set it to 12-24V at 10mA 
and connect it between pins 1 & 9 of 
CONI, with the negative terminal to 
pin 9. Once the on-board capacitors 
charge, the current drain should drop 
to just a few milliamps and the red 
LED should flash, indicating a battery 
is not detected. 

If you don't have a bench supply, 
you can use any DC source with a se- 
ries resistor of say 4700 0.5W for ~12V 
or 1КО 0.5W for ~24V. 

Assuming all is OK, connect the 
battery, taking care to orientate the 
plug correctly as the header is not 
polarised. In theory, the unit should 
survive a reversed supply connection, 
at least in the short term, but the 100 
resistors could potentially overheat as 
the parasitic diodes in Mosfets Q1-Q4 
will conduct. 

After a couple of seconds you should 
see the green LED flash once for each 
cell in the battery. If you have joined 
EN and CELL1 on СОМ2, depending 
on the battery voltage, the unit may 
then begin the balancing operation. 
Otherwise, it will go into sleep mode 
and both LEDs will remain off. 

If driving the EN pin externally, wire 
this up to your charger so that it will 
be driven high during charging. You 
can then switch on the charger and 
check that the red and green LEDs il- 
luminate together briefly, to indicate 
that the unit has “woken up”. If the 
battery needs balancing, you will see 
further flashes. 

When balancing occurs, green LED2 
will flash rapidly and then switch off. 
The number of flashes indicates which 
cellis being shunted/discharged. Once 
the cells have been balanced, green 
LED2 will be switched on for around 
one second, then switch off. 


Error indication 


If an error condition is detected (eg, 
an unexpected low cell voltage), red 
LED1 will flash rapidly. If the EN pin 
drops below 0.95V while balancing is 
still active, red LED1 will switch on for 
around one second and then the unit 
will go back into sleep mode until the 
EN pin voltage rises again. 56 


MISS THIS ONE? 
CLASSIC 


Published in Feb 2013 


Make just about any DVD or even CD 
player sound better by using this high- 
performance Digital to Analog Converter! 
It has three TOSLINK inputs, three 
SP/DIF inputs, USB audio inputs, SD 
card playback capability and a built-in 
headphone amplifier. 

THD is almost unmeasurable at 0.001% 
@ 1kHz and S/N ratio is outstanding at 
110dB. 

Most parts mount on a single PCB and 
the hard-to-get parts (PCB, front and rear 
panels, programmed micro, SMD parts 
and coloured RCA sockets) are available 
from the $1исом Сн On-Line Shop. 


You'll find the construction details at 
siliconchip.com.au/project/classic+dac 
PCBs, micro etc available from On-Line Shop 


Many of the components used in 
SILICON CHIP projects are cutting-edge 
technology and not worth your normal 
parts suppliers either sourcing or 
stocking in relatively low quantities. 
Where we can, the SILICON CHIP On-Line 
Shop stocks those hard-to-get parts, 
along with PCBs, programmed micros, 
panels and all the other bits and 
pieces to enable you to complete your 
SILICON CHIP project. 


SILICON CHIP 
On-Line SHOP 


www.siliconchip.com.au/shop 
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бауе money: replace failed 
batteries in emergency lights 


Recently a building owner I know had a problem 

with his emergency lights — you know the ones, 

where an exit route is illuminated to show the way 

out of the building in a blackout. When power goes 

out, an internal battery keeps the light on for some time. 


here are many different types 

| of emergency lighting. The ones 

we're talking about here look 

just like standard fluoro fittings. In 

the electrical trade they're called lu- 

minaires and can be “maintained” and 
"non maintained". 

The difference is that maintained 
emergency luminaires are “оп at all 
times" — normally powered by the 
mains so they light an exit route 24 
hours a day; whereas non-maintained 
fixtures only come on when power 
fails. 

Neither type can be turned off (ex- 
cept by cutting mains power to them, 
usually at the switchboard — and even 
then they stay lit courtesy of their in- 
built batteries) and in both types those 
batteries are continuously “trickle- 
charged" from the mains supply. 

Until quite recently, when LEDs 
started to take over, these were fit- 
ted with one or two 18W fluoro tubes 
which, especially in the case of the 
maintained type, had a quite respect- 
able tube life. Fluoro tubes will always 
lastalotlonger ifthey're not subjected 
to the rigours of frequent starting. 

Of course, the non-main- 
tained types have a tube 
life approaching shelf 
life because they 
are so very sel- 
dom on - 


They 
just like 
an *ordinary" 
fluoro lamp fitting. 
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look 


they only light up in a blackout or 
other power-cut emergency (eg, a fire). 

While on the subject, there are oth- 
er "emergency" lights often found in 
buildings which show either a run- 
ning man and an arrow, showing the 
exit route, or simply the word *EXIT" 
if that's the way out. 

Similarly, they're normally on but 
switch over to internal batteries in a 
blackout. There's yet another type with 
two tubes, one of which is powered by 
the mains and the other which comes 
on when the mains fails. 

Now back to the building owner's 
quandary: of the half-dozen or so 
emergency luminaires in the twenty- 
year-old building, two had recently 
failed their annual “fire” inspection 
(required by insurance companies). 

It wasn't so much that the lights 
themselves had failed, as they worked 
perfectly when power was on and im- 
mediately switched over to their in- 
built batteries if the power was cut . 

It was the backup battery circuit 

which earned the big cross from 

3 the fire inspectors, as they 
didn't power the lights 
for the required 90 min- 
utes without mains 


one over an hour, that 
wasn’t “up to spec” and 
therefore the building insurance 
would not be renewed without that 
vital certificate. 
Never mind the fact that it was only 
a two-storey building, and maximum 
egress would be (at most) one minute. 
Them’s the rules! 
He contacted the electrician who 


by 
ROSS TESTER 


looked after things electric in the 
building, asking if the luminaires 
could be repaired. He was told that 
they were never repaired; simply re- 
placed with a new fitting. 

Now I'm not saying that the building 
owner was named Scrooge McDuck, 
but he baulked at the quoted price of 
$295, plus GST. Each! 

Fitting involved removing the old 
luminaire, mounting a new one, then 
re-wiring the mains. But as this also 
required mains power being discon- 
nected, it could be quite inconven- 
ient if done during working hours... 
and even more expensive if it had to 
be done after hours. 

Being of a somewhat technical 
"bent", our hero reasoned that the 
backup supply must be a recharge- 
able battery and would be either a 
sealed lead-acid (SLA), nickel-cadmi- 
um (Nicad) or (possibly) nickel-met- 
al-hydride (NiMH), presumably with 
a simple trickle charger running from 
the mains plus an inverter to boost the 
voltage back up to power the tubes 
when required. 

Unless someone wasn't playing by 
Hoyle, such a battery should be sig- 
nificantly less than what the electri- 
cian quoted. 

It was only a matter of a couple of 
minutes up a ladder with trusty screw- 
driver in hand to whip off the emer- 
gency light cover and his suspicions 
were confirmed - a "stick" of five C- 
sized NiCd batteries, shrink- wrapped 
and mounted on a plate, with a quick- 
connect terminal attaching them to the 
charger/inverter. 

Indeed, there was even a label at- 
tached telling him that it was a 5-cell, 
6V, 1000mAh Nicad. 
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While it would appear that the vast majority of emergency lights use NiCd 
batteries, they are not all the same. Indeed, within the same building there 
were about half with a 6V stick, made up of 5 *C" size Nicads, but the other 
half had four “D” size, or 4.8V (as seen in the photo above). We would hazard 
a guess that there may be other variations on the theme. However, when he 
asked Battery Business if this would cause any problems, the manager smiled 
and said *we can replace any battery for anything." Nuff said! 


So one night when everyone had 
gone home, he turned off the appro- 
priate lighting circuit at the switch- 
board and removed the cover/diffuser 
and the fluoro tubes (which of course 
was still lit). He then undid the two 
screws which held the Nicad stick in 
place. Carefully unplugging the stick 
(which was a very simple, ten second 
job) he replaced the tube and diffuser, 
then turned power back on. 

Measuring the output voltage re- 
vealed that the voltage was less than 
the 7.5 or so volts he would have ex- 
pected; in fact it was about 5.2V which 
does suggest one or more of the cells 
was at least a little sick! 

Placing the battery on a suitable load 
showed that it had dropped marked- 
ly even after 15 minutes, so the stick 
definitely needed replacing. 

A quick search on line revealed that 
these batteries were available but quite 
abit more expensive than he expected 
— more than $1004. He was hoping for 
perhaps half that. 

But one thing he did notice was a 
company called “Battery Business" 
who promised that they can replace 
any battery for anything. 

He remembered seeing one of their 
outlets only a few streets away from 
his building- so much the better. They 
didn't quote any prices on line but it 
was worth the ask. 

So next morning, on the way in, he 
called into Battery Business with the 
old unit. 
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The manager told him that if they 
didn't have it in stock, they'd simply 
make up new ones and shrink-wrap 
them to the old bases, then weld the 
old connectors on. The price? $40 each, 
including GST. That made him smile. 

It turned out that they didn't have 
any in stock but it only took them a 
day to have the replacements made up. 
He duly picked them up — and noticed 
they even came with a similar label to 
the old one! 

Fitting the replacement battery to 
the emergency light fitting was just as 
simple as removing the old one - screw 
itin, plug it in, replace the fluoro tubes 
and put the cover/diffuser back on. 

As he put one of the fluoros in, it in- 
stantly came to life, indicating that they 
had supplied a charged battery. This 
was repeated for the second fitting. 

With the power back on, he left them 
for a day or so, then after hours turned 
the power back off. 

And after two hours they were still 
lighting the way, so he called the in- 
spector who duly checked them for 
himself, passed them as A-OK and is- 
sued the insurance certificate. 

So for just a few minutes work, both 
of the old emergency exit fittings were 
brought back to new condition (in fact, 
probably better-than-new, because he 
replaced all the tubes at the same time 
— to be sure, to be sure, etc), saving a 
bit of landfill but more importantly for 
him, saving several hundred dollars in 
the process. sc 


Who 5- dat a 


Got a long driveway? Want to know 
who is coming to visit? Our driveway 
monitor will alert you when any 
vehicle enters. You can use it to 
sound an alarm, turn on a camera, 
lock doors and gates . . . anything! 
It will even work up to 200m away! 


BUILD THE DRIVEWAY MONITOR – 
See SILICON CHIP July/August 2015 


PARTS AVAILABLE from SILICON CHIP 
ONLINE SHOP (www.siliconchip.com.au/shop): 


PIC16F881/P Detector IC (programmed): ...$10.00 
РІС12Е6751/Р Receiver IC (programmed): .$10.00 
Detector/Transmitter PCB (15105151) $10.00 
Receiver PCB (15105152) 

P&P for any/all of above parts (one order) $10. 00 


ORDER NOW AT 
www. siliconchip.com.au/shop 


“BOR à 


ІР for most Б buh 
SILICON CHIP projects are 
available from the 
SILICON CHIP -PartShop 
- see the PartShop pages 
in this issue or log onto 


siliconchip.com.au/ shop. 


You'll also find some of 
the hard-to-get components 
to build your SILICON CHIP 
project, back issues, 
software, panels, binders, 
books, DVDs and much more! 
Please note: the SILICON CHIP PartShop 


does not sell kits; for these, please 
refer to kit supplier’s adverts in this issue. 
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Consumption — 82W 

Wave Length Range - 13.9 metres 
(21.57 megacycles) to 47 metres (6.38 
megacycles). 187.5 metres (1600 kc) to 
545 metres (550 kc). 

Intermediate frequency - 457.5 kc. 
Max. undistorted power output — 4.5 
watts. 

Loudspeaker — Model 290 uses an 
8-inch speaker, the field winding of 
which acts as filter choke. DC resistance 
of (the) field coil cold is 1800 ohms. DC 
resistance of (the) voice coil is 2 ohms. 
At 400 cycles, impedance of voice coil 
is 2.35 ohms. 

Valves — 6J8G. 6U7G, 6B8G, 6V6G, 
5Y3G. 


Circuit description 

This model is a superheterodyne in 
which a 6J8G triode-hexode acts as 
frequency changer. The oscillator cir- 
cuit is designed to provide relatively 
constant output voltage over the wide 
tuning range incorporated in this re- 
ceiver. The 6J8G is band-pass coupled 
to a 6U7G which acts as an IF amplifier 
and which is in turn coupled to a 6B8G, 
the diodes of which are used as signal 
and AVC rectifiers respectively, the sig- 
nal diode being tapped down one-third 


84 SILICON CHIP 


on the secondary of the IF transformer 
coupling these two tubes. 

The amplifier section of the 6B8G 
acts as the first AF stage and is resist- 
ance-capacity coupled to the 6V6G 
output stage. AVC (automatic volume 
control) is applied to the 6J8G, 6070 
and 6B8G tubes. 

The aerial coupling transformer on 
the broadcast band is a high efficiency, 
iron-cored type employing Litz-wire 
coils. The IF transformers also use Litz- 
wire coils and high-efficiency iron-dust 
cores. The coils are tuned ру silver-coat- 
ed titanium dioxide fixed condensers. 

The oscillator circuit padding adjust- 
ment is carried out inductively on both 
bands by means of adjustable iron cores 
in the oscillator coils, while on the short- 
wave band a certain amount of equali- 
sation of oscillator output at the low fre- 
quency end of the band is obtained by 
feedback across the 0.00054ypF oscilla- 
tor padding condenser; which feedback 
is introduced from the oscillator plate 
circuit by the 0.01pF condenser con- 
nected to the top side of the padding 
condenser. The padding condensers 
are held to a tolerance of 3-196. 

Inverse feedback is applied to the 
complete audio system, through the 


The top of the chassis" 
had rusted, as had the > 
top of the tuning gang Fx 
and the transformer \ 
covers. 


М 
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Tone Monitor Control from the second- 
ary of the output transformer to a tap 
on the volume control. In this manner, 
the whole of the audio system benefits 
from the distortion reducing properties 
of the negative feedback system. In ad- 
dition the circuits associated with the 
Tone Monitor Control provide selective 
feedback varying with frequency, thus 
providing control of tonal balance. Fur- 
thermore, the degree of feedback varies 
with the setting of the volume control in 
such a way as to provide the best re- 
sponse for both local and distant recep- 
tion at all volume levels. 

The speaker field winding placed in 
the negative HT line is used as a filter 
choke in conjunction with two 16НЕ 
wet-type electrolytic condensers, one 
of which is a regulating type which au- 
tomatically prevents the rise of voltage 
beyond a safe limit during the warming- 
up period. 

Note: it is essential that the positions 
of these two condensers in the circuit 
shall not be inter-changed. These con- 
densers are mounted on the speaker 
and are thus protected from dam- 
age should the power be accidentally 
switched on while the speaker is out of 
circuit. A voltage divider is placed across 
the field to obtain the required bias for 
RF circuits. 

Jacks are provided at the back of the 
chassis for the connection of an exten- 
sion speaker. They are in the second- 
ary circuit of the output transformer and 
directly in shunt to the voice coil in the 
set speaker. 

Any speaker having a voice coil im- 
pedance between 2.5 and 4 ohms can 
be connected to these jacks (the output 

transformer on the extension speaker 

must, of course, be first removed). An 
impedance of 3 ohms at 400 cycles is 
recommended and the speaker should 
be preferably of the permanent magnet 
type. The HMV extension speaker is 
specially designed for this purpose 
and has, in addition, its own constant 
impedance volume control. 

The core of the output trans- 
former is internally connected to 
the positive HT line to prevent 

corrosion troubles. 

Band switching is carried 
out by means of a single-deck 
switch. The oscillator primary 
coils are connected in series 
and not switched. Capacitive 
feedback is applied across the 
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padding condenser on the short-wave 
band and this is switched by contacts 
on the wave-change switch. 

The first position of the switch (ex- 
treme anti-clockwise) connects the 
short-wave and associated compo- 
nents, and the second position the 
broadcast circuits. Only the broadcast 
band dial lamp circuit is switched, being 
cut out when the wave-change switch 
is in the short-wave position. See that 
when in the broadcast position, both 
wave bands are illuminated, while in the 
short-wave position, only the short-wave 
band is illuminated. 

Tone Monitor: this is a four-position 
switch. The following effects are secured 
in the various switch positions: 

1st Position (Wide Range): normal bass 
response and treble boosted to com- 
pensate for side-band attenuation for 
highest fidelity. 

2nd Position (Normal): normal bass and 
small degree of treble cut for normal and 
long-distance reception. 

3rd Position (Bass): as in "Normal" posi- 
tion, but additional treble cut for reduced 
background noise and particularly for 
pick-up operation. 

4th Position (Speech): boosted treble 
response and bass cut for improved 
intelligibility of speech. 

Note: the RF trimmers on this model 
are of a plunger type with air dielectric, 
and possess exceptionally high stabil- 
ity and efficiency. A special adjusting 
tool can be obtained from the factory, 
incorporating a box spanner for the con- 
denser lock nut and an adjusting hook 
for the plunger. 

After loosening the lock nut at the top 
of the condenser, the adjusting hook is 
inserted in the hole which will be found 
in the top of the plunger, which can then 
be easily adjusted by moving up or down 
as required with a slight rotary move- 
ment. When adjustment is completed, 
tighten the lock nut securely. 


Author's comments 

(1) The RF trimmers referred to above 
are the four metal rods adjacent to the 
tuning gang; 

(2) Litz wire is designed to reduce the 
skin effect and proximity effect losses 
in conductors used at frequencies up 
to about 1 MHz. 

(3) The current use of Hertz (Hz) for 
frequency officially replaced "cycles" in 
1960 but only became widely accepted 
in the 1970s. 


siliconchip.com.au 


Very | little corros 


penetrated der the chassis : stp 
still in good condition. Capacitor C11 (labelled) had failed шы, while C28 


operates at high voltage and was replaced as a precaution. 


This view shows the chassis after it 


had been cleaned and painted to stop 


further corrosion. 


Everything appeared to be in good 
condition under the chassis. However, 
the original figure-8 mains flex was 
still in place, so this was replaced with 
3-core mains cable so that the chassis 


could be securely earthed. 

One point of interest is that HMV 
recommended swapping around the 
Active and Neutral connections to the 
transformer to determine if one set of 
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lytic filter capacitors are located i 


a Asa spliced | 


into the speaker cable. These capacitors had previously been replaced, as 


had electrolytic capacitors C11 & C29. 


connections generated less hum. This 
recommendation is displayed on a 
label inside the cabinet (see Fig.2). 
The two HT filter electrolytics (C34 
& C35) are located in a box spliced into 
the speaker cable and had previously 
been replaced, as had electrolytic ca- 
pacitors C11 & C29. No other compo- 
nent replacements were evident and 
the under-chassis parts all checked OK. 
By contrast, the four 6.3V dial lamps 
had all gone dark and checking re- 
vealed that they had all gone open cir- 
cuit. These were replaced and the set 
then powered up without the valves in 
place while some initial checks were 


Despite its unusual shane, the quem dial scale is easy to read. 
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made. The power consumption re- 
mained at a steady 14W and the mains 
transformer remained cool. 

The valves were then refitted and 
my optimism that it would work was 
rewarded when the radio was powered 
up. However, while it sounded quite 
reasonable, its 105W power consump- 
tion was uncomfortably above the 
specified 82W. A quick check with 
the power switched off revealed that 
the 0.5uF AVC (AGC) bypass capacitor 
(C11) was hot. Replacing this immedi- 
ately reduced the power consumption 
to 82W, exactly as specified. 

As a precaution, I also replaced 


e dial prior to restoration. 


This speaker coil cover from another 
НМУ radio illustrates how НМУ ге- 
badged the Rola speaker used in the 
model 209 and other sets. 


capacitor C28 which feeds the audio 
signal from the anode of the 6B8 to 
the grid of the 6V6 output stage. The 
original capacitor was still perform- 
ing faultlessly but this part operates at 
high voltage, so replacing it is a good 
idea in order to guard against short- 
term failure. 


Cabinet restoration 

This part of the restoration initially 
involved sanding the cabinet back to 
bare timber using aluminium oxide 
grade 80 abrasive paper. This type of 
abrasive is particularly good for this 
job, since it doesn’t tend to clog with 
the removed debris. 

When using coarse abrasive, it is 
essential not to cut across the grain. 
In addition, a smooth finish relies on 
careful sanding of the polyurethane 
coatings that are applied, rather than 
fine sanding the bare timber. 

The black highlights in the cabinet 
were painted with acrylic paint after 
the first sealing coat. This prevents the 
black paint from running into the ad- 
joining wood grain by capillary action. 

Multiple coats of Cabot’s CFP clear 
gloss finish were then applied, with 
sanding between coats. The gloss was a 
personal choice; the cabinet originally 
had a satin finish. 

Another problem was that the origi- 
nal celluloid dial cover had yellowed. 
This was replaced with a clear dial 
cover fabricated from thermo-molda- 
ble PETG plastic. 

The performance of this set illus- 
trates the value of buying a quality 
radio back in 1939. It had few failures 
and now, fully restored, continues as 
an object of beauty and function. 56 
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because it saves vou dollars! 


If you regularly purchase SIUCON CHIP over the counter from your newsagent, you can $ave more than 10% by having 
it delivered right into your mailbox. Simply take out a subscription — and instead of paying $9.95 per issue ($119.40 
for 12 issues), you'll pay just $8.75 per issue (12 month subscription: $105.00) - and we pay the postage! 


How can we do this? 

It's all about economics. Printing enough copies to send out to newsagents, in the hope that they'll sell, is very 
wasteful (and costly!). When readers take out subscriptions, we know exactly how many copies we need to print to 
satisfy that demand. That saves us money - 50 ше pass the savings onto our subscribers. It really is that simple! 
You REAP THE BENEFIT! 

But wait, there’s more! Subscribers also automatically qualify for a 10% discount on any purchases made from 
the SILICON CHIP online shop: books, printed circuit boards, specialised components, binders, wall charts — anything 
except subscriptions! 

So why not take out a subscription? 

You can choose from 6 months, 12 months or 24 months — and the longer you go, the bigger the savings. 
You can choose the print edition, the online edition or both! 

Most people still prefer a magazine they can hold in their hands. That's a fact. But in this digital age, many 
people like to be able to read SILICON CHIP online from wherever they are – anywhere in the world. That’s also a 
fact. NOW VOU CAN - either or both. The on-line edition is exactly the same as the printed edition – even the 
adverts are included. So you don’t miss out on anything with the on-line edition (flyers and catalogs excepted). 
OH, so how do you go about it? 

It's simple: you can erder your subscription online, 24 hours a day (siliconchio.com.au/shop and follow the 
prompts); you can send us on email with your subscription request and credit card details (silicon@siliconchip. 
com.au), or you can phone us, Monday-Friday, Yam-4.30pm, оп (02) 9939 3295 (international 612 9939 5295). 


Don't put it eff any longer: START SAVING TODAY with е SILICON CHIP $ub$eription! 
www.siliconchip.com.au 
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Looking for a specialised component to build that latest and greatest Siucow Chip project? Maybe it's the PCB you're after? 
Or a pre-programmed micro? Or some other hard-to-get "bit"? The chances are they are available direct from the SILICON CHIP ONLINESHOP. 


As a service to readers, SILICON CHIP has established the ONLINESHOP. No, we're not going into opposition with your normal suppliers - 
this is a direct response to requests from readers who have found difficulty in obtaining specialised parts such as PCBs & micros. 


* PCBs are normally IN STOCK and ready for despatch when that month's magazine goes on sale (you don't have to wait for them to be made!). 

• Even if stock runs out (eg, for high demand), in most cases there will be no longer than a two-week wait. 

* Onelow p&p charge: $10 per order, regardless of how many boards or micros you order! (Australia only; overseas clients - email us for a postage quote). 
* Our PCBs are beautifully made, very high quality fibreglass boards with pre-tinned tracks, silk screen overlays and where applicable, solder masks. 

* Best of all, those boards with fancy cut-outs or edges are already cut out to the S/L/CON CHIP specifications - no messy blade work required! 


сыц суус 
HERE'S HOW TO ORDER: VISA |22. 


шаазан 
e^ Via the INTERNET (24 hours, 7 days): Log on to our secure website - 


siliconchip.com.au, click on “SHOP” and follow the links 
e^ Via EMAIL (24 hours, 7 days): email siliconGsiliconchip.com.au — Clearly tell us what you want and include your contact and credit card details 


v Via MAIL (24 hours, 7 days): PO Box 139, Collaroy NSW 2097. Clearly tell us what you want and include your contact and credit card details 

e^ Via PHONE (9am-5pm EADST, Mon-Fri): Call (02) 9939 3295 (INT 612 9939 3295) - have your order ready, including contact and credit card details! 
YES! You can also order or renew your SILICON CHIP subscription via any of these methods as well! 
BRE-DROGRAMMED MICROS Price for any of these micros is just $15.00 each + 510 p&p per orders 


As a service to readers, SILICON CHIP ONLINESHOP stocks microcontrollers and microprocessors used in new projects (from 2012 on) and 


some selected older projects - pre-programmed and ready to fly! Some micros from copyrighted and/or contributed projects may not be available. 
PIC12F675-I/P UHF Remote Switch (Jan09), Ultrasonic Cleaner (Aug10), PIC18F14K50 USB MIDIMate (Oct11) 

Ultrasonic Anti-fouling (Sep10), Cricket/Frog (Jun12) Do Not Disturb (May13) PIC18F27J53-I/SP USB Data Logger (Dec10-Feb11) 

IR-to-UHF Converter (Jul13), UHF-to-IR Converter (Jul13) — PIC18LF14K22 Digital Spirit Level (Aug11), G-Force Meter (Nov11) 


irdies “2 chips — $15 pair* (Aug13). Dri i " 
PC Birdies "2 chips - $15 pair” (Aug13). Driveway Monitor Receiver (July15) — picaouay795F512H-BOV/PT Mayimite (Mart 1), miniMaximite (Nov11), Colour Maximite (Sept/Octt2), 


PIC16F1507-1/P Wideband Oxygen Sensor (Jun-Jul12) Touchscreen Audio Recorder (Jun/Jul 14) 
PIC16F88-E/P Hi Energy Ignition (Nov/Dec12), Speedo Corrector (Sept13), T А ; _ ; ; 

Auto Headlight Controller (Oct13) 10A 230V Motor Speed Controller (Feb14) PIC32MX170F256B-501/SP Micromite MK? (Jan15) also includes FREE 47uF tantalum capacitor 

ч : Micromite LCD Backpack [either version] (Feb 16), Parking Assistant (Mar 16) 

PIC16F88-1/P Projector Speed (Apr11), Vox (Jun11), Ultrasonic Water Tank Level (бер11), 3 4 : 

Quizzical (Oct11) Ultra LD Preamp (Nov11), 10-Channel Remote Control PIC32MX170F256B-I/SP — Low Frequency Distortion Analyser (Apr15) Bad Vibes (June 15) 

Receiver (Jun13), Revised 10-Channel Remote Control Receiver (Jul13), PIC32MX170F256D-501P/T 44-pin Micromite Mk2 (Now with Mk2 Firmware at no extra cost) 

Nicad/NiMH Burp Charger (Mar14) Remote Mains Timer (Nov14), PIC32MX250F128B-l/SP — GPS Tracker (Nov13) Micromite ASCII Video Terminal (Jul14) 

Driveway Monitor Transmitter (July15) Fingerprint Scanner (Nov15) PIC32MX470F512H-I/PT Stereo Audio Delay/DSP (Nov13), Stereo Echo/Reverb (Feb 14), 

MPPT Lighting Charge Controller (Feb16) Digital Effects Unit (Oct14) 
PIC16LF88-1/P Garbage Reminder (Jan13), Bellbird (Dec13) dsPIC33FJ128GP802-1/SP Digital Audio Signal Generator (Mar-May10), Digital Lighting Controller 
PIC16LF88-1/SO LED Ladybird (Apr13) (Oct-Dec10), SportSync (May11), Digital Audio Delay (Dec11) Level (Sep11) 
PIC16LF1709-1/SO Battery Cell Balancer (Mar16) Quizzical (Oct11), Ultra-LD Preamp (Моу11), LED Musicolor (Nov12) 
PIC16F877A-1/P 6-Digit GPS Clock (May-Jun09), Lab Digital Pot (Jul10) dsPIC33FJ64MC802-E/P ^ Induction Motor Speed Controller (revised) (Aug13) 

Semtest (Feb-May12) | dsPIC33FJ128GP306-I/PT CLASSIC DAC (Feb-May 13) 
PIC18F2550-I/SP Batt Capacity Meter (Jun09), Intelligent Fan Controller (Jul10) ATTiny861 VVA Thermometer/Thermostat (Маг10), Rudder Position Indicator (Jul11) 
PIC18F45K80 USB Power Monitor (Dec12) ATTiny2313 Remote-Controlled Timer (Aug10) 
PIC18F4550-1/P GPS Car Computer (Jan10), GPS Boat Computer (Oct10) 


When ordering, be sure to nominate BOTH the micro required AND the project for which it must be programmed. 


SPECIALISED COMPONENTS, HARD-TO-GET BITS, ETC P&P - $10 Per orders 


NEW THIS MONTH: CDI – Hard-to-get parts pack: Transformer components (excluding wire), (Dec 14) $40.00 


all ICs, Mosfets, UF4007 diodes, 1uF X2 capacitor: 
ULTRASONIC PARKING ASSISTANT CURRAWONG AMPLIFIER Hard-to-get parts pack: (Dec 14) $50.00 
Clear lid with cutout to suit UB3 Jiffy Box (Mar16) $5.00 


LM1084IT-ADJ, KCS5603D, 3 x STX0560, 5 x blue 3mm LEDs, 5 x 39uF 400V low profile capacitors 
Ultrasonic Range Sensor PLUS clear lid with cutout to suit UB5 Jiffy Box (Mar 16) $7.50} ОМЕ-СНІР AMPLIFIER - All SMD parts (Nov 14) $15.00 
BATTERY CELL BALANCER DIGITAL EFFECTS UNIT WM8371 DAC IC & SMD Capacitors [Same components 
ALL SMD PARTS, including programmed micro 


(Mar 16) also suit Stereo Echo & Reverb, Feb14 & Dual Channel Audio Delay Nov 14] (0014) $25.00 


AD8038ARZ Video Amplifier ICs (SMD) 

For Active Differential Probe (Pack of 3 Sept 14) $12.50 
MICROMITE LCD BACKPACK ***** COMPLETE KIT ***** tein ын тн жака 
: А : 44-PIN MICROMITE Complete kit inc PCB, micro etc (Augi4) $35.00 
includes PCB, micro and 2.8-inch touchscreen (Feb 16) $60.00 

MAINS FAN SPEED CONTROLLER - AOT!1N60L 600V Mosfet (May14) $5.00 
VALVE STEREO PREAMPLIFIER - (Jan 16) $30.00 
1004H SMD inductor, Зх low-profile 400V capacitors & 0.330 resistor Rop LED'STRIP DRIVER =al SMD ра Mode quu e (May14) $20.00 
ARDUINO-BASED ECG SHIELD - all SMD components (Oct 15) $25.00 
ULTRA LD Mk 4 - plastic sewing machine bobbin for L2 – pack 2 (Oct 15) $2.00 HYBRID BENCH SUPPLY- all SMD parts, 3 j ВОМ85605 & L2/L3 (May 14) $45.00 
VOLTAGE/CURRENT/RESISTANCE REFERENCE - all SMD components# (Aug 15) $12.50  USB/RS232C ADAPTOR MCP2200 USB/Serial converter IC (Apri — $7.50 
# includes precision resistor. Specify either 1.8V ог 2.5V NICAD/NIMH BURP CHARGER (Mari4) $7.50 
MINI USB SWITCHMODE REGULATOR all SMD components (July 15) $10.00 1 SPD15P10 P-channel logic Mosfet & 1 IPP230N06L3 N-channel logic Mosfet 
BAD VIBES INFRASOUND SNOOPER - TDA1543 16-bit Stereo DAC IC (Jun 15) $2.59 10A 230V AC MOTOR SPEED CONTROLLER | (Feb14) $45.00 


40A IGBT, 30A Fast Recovery Diode, IR2125 Driver and NTC Thermistor 
GPS Tracker MCP16301 SMD regulator IC and 15иН inductor (Novi3) $5.00 


BALANCED INPUT ATTENUATOR - all SMD components inc.12 NE5532D ICs, 8 SMD diodes, SMD 
caps, polypropylene caps plus all 0.1% resistors (SMD & through-hole) (May 15) $65.00 SMD parts for SiDRADIO (Octt3) $20.00 

. — parts for Si с i 
APPLIANCE INSULATION TESTER - 600V logic-level Mosfet. 5 x HV resistors: (Aprí5) $10.00 Same as LF-UF Upconverter parts but includes 5V relay and BF998 dual-gate Mosfet. 


ISOLATED HIGH VOLTAGE PROBE - Hard-to-get parts pack: (Jan15) $40.00 
all ICs, 1N5711 diodes, LED, high-voltage capacitors & resistors: RE Prone chk (з) ma 


www.siliconchip.com.au/shop 


"All items subect to availability. Prices valid for month of magazine issue only. All prices in Australian dollars and included GST where applicable. # P&P prices are within Australia. 05645? Please email for a quote 
03/16 


PRINTED CIRCUIT BOARD TO SUIT PROJECT: PUBLISHED: PCB CODE Price: PRINTED CIRCUIT BOARD TO SUIT PROJECT: PUBLISHED: PCBCODE: Price: 
DIGITAL LIGHTING CONTROLLER LED SLAVE OCT 2011 16110111 $30.00 AUTO CAR HEADLIGHT CONTROLLER OCT 2013 03111131 $10.00 
USB MIDIMATE OCT 2011 23110111 $25.00 GPS TRACKER NOV 2013 05112131 $15.00 
QUIZZICAL QUIZ GAME OCT 2011 08110111 %25.00 STEREO AUDIO DELAY/DSP NOV 2013 01110131 $15.00 
ULTRA-LD MK3 PREAMP & REMOTE VOL CONTROL NOV 2011 01111111 — $30.00 BELLBIRD DEC 2013 08112131 $10.00 
ULTRA-LD MK3 INPUT SWITCHING MODULE NOV 2011 01111112 $20.00 PORTAPAL-D MAIN BOARDS DEC 2013  01111131-3 — $35.00/set 
ULTRA-LD MK3 SWITCH MODULE NOV 2011 01111113 $10.00 (for CLASSiC-D Amp board and CLASSiC-D DC/DC Converter board refer above [Nov 2012/May 2013]) 
ZENER DIODE TESTER NOV 2011 04111111 $20.00 LED Party Strobe (also suits Hot Wire Cutter [Dec 2010) JAN 2014 16101141 $7.50 
MINIMAXIMITE NOV 2011 07111111 $10.00 Bass Extender Mk2 JAN 2014 01112131 $15.00 
ADJUSTABLE REGULATED POWER SUPPLY DEC 2011 18112111 $5.00 Li'l Pulser Mk2 Revised JAN 2014 09107134 $15.00 
DIGITAL AUDIO DELAY DEC 2011 01212111 $25.00 10A 230VAC MOTOR SPEED CONTROLLER FEB 2014 10102141 $12.50 
DIGITAL AUDIO DELAY Front & Rear Panels DEC 2011 01212112/3 $20 per set NICAD/NIMH BURP CHARGER MAR 2014 14103141 $15.00 
AM RADIO JAN 2012 06101121 $10.00 RUBIDIUM FREQ. STANDARD BREAKOUT BOARD APR 2014 04105141 $10.00 
STEREO AUDIO COMPRESSOR JAN 2012 01201121 530.00 USB/RS232C ADAPTOR APR 2014 07103141 $5.00 
STEREO AUDIO COMPRESSOR FRONT & REAR PANELS ЈАМ 2012 0120112P1/2 $20.00 MAINS FAN SPEED CONTROLLER MAY 2014 10104141 — $10.00 
3-INPUT AUDIO SELECTOR (SET OF 2 BOARDS) JAN 2012 01101121/2 $30 per set RGB LED STRIP DRIVER MAY 2014 16105141 $10.00 
CRYSTAL DAC FEB 2012 01102121 $20.00 HYBRID BENCH SUPPLY MAY 2014 18104141 $20.00 
SWITCHING REGULATOR FEB 2012 18102121 $5.00 2-WAY PASSIVE LOUDSPEAKER CROSSOVER JUN 2014 01205141 $20.00 
SEMTEST LOWER BOARD MAR 2012 04103121 $40.00 TOUCHSCREEN AUDIO RECORDER JUL 2014 01105141 $12.50 
SEMTEST UPPER BOARD MAR 2012 04103122 $40.00 THRESHOLD VOLTAGE SWITCH JUL 2014 99106141 910.00 
SEMTEST FRONT PANEL MAR 2012 04103123 $75.00 MICROMITE ASCII VIDEO TERMINAL JUL 2014 24107141 $7.50 
INTERPLANETARY VOICE MAR 2012 08102121 $10.00 FREQUENCY COUNTER ADD-ON JUL2014 0410514140 $15.00 
12/24V 3-STAGE MPPT SOLAR CHARGER REV.A MAR 2012 14102112 $20.00 VALVE SOUND SIMULATOR PCB AUG 2014 01106141 $15.00 
SOFT START SUPPRESSOR APR 2012 10104121 $10.00 VALVE SOUND SIMULATOR FRONT PANEL (BLUE) AUG 2014 01106142 $10.00 
RESISTANCE DECADE BOX APR 2012 04104121 $20.00 TEMPMASTER MK3 AUG 2014 21108141 $15.00 
RESISTANCE DECADE BOX PANEL/LID APR 2012 04104122 $20.00 44-PIN MICROMITE AUG 2014 24108141 $5.00 
1.5kW INDUCTION MOTOR SPEED CONT. (New V2 PCB) APR (DEC) 2012 10105122 $35.00 OPTO-THEREMIN MAIN BOARD SEP 2014 23108141 $15.00 
HIGH TEMPERATURE THERMOMETER MAIN PCB MAY 2012 21105121 530.00 OPTO-THEREMIN PROXIMITY SENSOR BOARD SEP 2014 23108142 %5.00 
HIGH TEMPERATURE THERMOMETER Front & Rear Panels MAY 2012 21105122/3 $20 per set ACTIVE DIFFERENTIAL PROBE BOARDS SEP 2014 04107141/2 — $10/SET 
MIX-IT! 4 CHANNEL MIXER JUNE 2012 01106121 $20.00 MINI-D AMPLIFIER SEP 2014 01110141 $5.00 
PIC/AVR PROGRAMMING ADAPTOR BOARD JUNE 2012 24105121 530.00 COURTESY LIGHT DELAY OCT 2014 05109141 $7.50 
CRAZY CRICKET/FREAKY FROG JUNE 2012 08109121 $10.00 DIRECT INJECTION (0-1) BOX OCT 2014 23109141 $5.00 
CAPACITANCE DECADE BOX JULY 2012 04106121 $20.00 DIGITAL EFFECTS UNIT OCT 2014 01110131 $15.00 
CAPACITANCE DECADE BOX PANEL/LID JULY 2012 04106122 $20.00 DUAL PHANTOM POWER SUPPLY NOV 2014 18112141 — $10.00 
WIDEBAND OXYGEN CONTROLLER MK2 JULY 2012 05106121 $20.00 REMOTE MAINS TIMER NOV 2014 19112141 $10.00 
WIDEBAND OXYGEN CONTROLLER MK2 DISPLAY BOARD JULY 2012 05106122 $10.00 REMOTE MAINS TIMER PANEL/LID (BLUE) NOV 2014 19112142 $15.00 
SOFT STARTER FOR POWER TOOLS JULY 2012 10107121 $10.00 ONE-CHIP AMPLIFIER NOV 2014 01109141 $5.00 
DRIVEWAY SENTRY MK2 AUG 2012 03107121 $20.00 TDR DONGLE DEC 2014 04112141 $5.00 
MAINS TIMER AUG 2012 10108121 510.00 MULTISPARK CDI FOR PERFORMANCE VEHICLES DEC 2014 05112141 $10.00 
CURRENT ADAPTOR FOR SCOPES AND DMMS AUG 2012 04108121 $20.00 CURRAWONG STEREO VALVE AMPLIFIER MAIN BOARD РЕС 2014 01111141 — $50.00 
USB VIRTUAL INSTRUMENT INTERFACE SEPT 2012 24109121 $30.00 CURRAWONG REMOTE CONTROL BOARD DEC 2014 01111144 $5.00 
USB VIRTUAL INSTRUMENT INT. FRONT PANEL SEPT 2012 24109122 530.00 CURRAWONG FRONT & REAR PANELS DEC 2014 01111142/3  $30/set 
BARKING DOG BLASTER SEPT 2012 25108121 $20.00 CURRAWONG CLEAR ACRYLIC COVER JAN 2015 - $25.00 
COLOUR MAXIMITE SEPT 2012 07109121 $20.00 ISOLATED HIGH VOLTAGE PROBE JAN 2015 04108141 $10.00 
SOUND EFFECTS GENERATOR SEPT 2012 09109121 $10.00 SPARK ENERGY METER MAIN BOARD FEB/MAR 2015 05101151 — $10.00 
NICK-OFF PROXIMITY ALARM OCT 2012 03110121 $5.00 SPARK ENERGY ZENER BOARD FEB/MAR 2015 05101152 $10.00 
DCC REVERSE LOOP CONTROLLER OCT 2012 09110121 $10.00 SPARK ENERGY METER CALIBRATOR BOARD FEB/MAR 2015 05101153 %5.00 
LED MUSICOLOUR NOV 2012 16110121 $25.00 APPLIANCE INSULATION TESTER APR 2015 04103151 $10.00 
LED MUSICOLOUR Front & Rear Panels NOV 2012 16110121 $20 per set APPLIANCE INSULATION TESTER FRONT PANEL APR 2015 04103152 $10.00 
CLASSIC-D CLASS D AMPLIFIER MODULE NOV 2012 01108121 530.00 LOW-FREQUENCY DISTORTION ANALYSER APR 2015 04104151 $5.00 
CLASSIC-D 2 CHANNEL SPEAKER PROTECTOR NOV 2012 01108122 $10.00 APPLIANCE EARTH LEAKAGE TESTER PCBs (2) MAY 2015  04203151/2 $15.00 
HIGH ENERGY ELECTRONIC IGNITION SYSTEM DEC 2012 05110121 $10.00 APPLIANCE EARTH LEAKAGE TESTER LID/PANEL MAY 2015 04203153 $15.00 
USB POWER MONITOR DEC 2012 04109121 510.00 BALANCED INPUT ATTENUATOR MAIN PCB MAY 2015 04105151 $15.00 
1.5kW INDUCTION MOTOR SPEED CONTROLLER (NEW V2 PCB)DEC 2012 10105122 $35.00 BALANCED INPUT ATTENUATOR FRONT & REAR PANELS МАҮ 2015 04105152/3 $20.00 
THE CHAMPION PREAMP and 7W AUDIO АМР (one PCB) JAN 2013 01109121/2 $10.00 4-OUTPUT UNIVERSAL ADJUSTABLE REGULATOR MAY 2015 18105151 $5.00 
GARBAGE/RECYCLING BIN REMINDER JAN 2013 19111121 $10.00 SIGNAL INJECTOR & TRACER JUNE 2015 04106151 $7.50 
2.5GHz DIGITAL FREQUENCY METER - MAIN BOARD JAN 2013 04111121 $35.00 PASSIVE RF PROBE JUNE 2015 04106152 $2.50 
2.5GHz DIGITAL FREQUENCY METER - DISPLAY BOARD — JAN 2013 04111122 $15.00 SIGNAL INJECTOR & TRACER SHIELD JUNE 2015 04106153 $5.00 
2.5GHz DIGITAL FREQUENCY METER - FRONT PANEL JAN 2013 04111123 $45.00 BAD VIBES INFRASOUND SNOOPER JUNE 2015 04104151 $5.00 
SEISMOGRAPH MK2 FEB 2013 21102131 $20.00 CHAMPION + PRE-CHAMPION JUNE 2015 01109121/2 $7.50 
MOBILE PHONE RING EXTENDER FEB 2013 12110121 $10.00 DRIVEWAY MONITOR TRANSMITTER PCB JULY 2015 15105151 $10.00 
GPS 1PPS TIMEBASE FEB 2013 04103131 $10.00 DRIVEWAY MONITOR RECEIVER PCB JULY 2015 15105152 $5.00 
LED TORCH DRIVER MAR 2013 16102131 $5.00 MINI USB SWITCHMODE REGULATOR JULY 2015 18107151 $2.50 
CLASSIC DAC MAIN PCB APR 2013 01102131 $40.00 VOLTAGE/RESISTANCE/CURRENT REFERENCE AUG 2015 04108151 $2.50 
CLASSIC DAC FRONT & REAR PANEL PCBs APR 2013 01102132/3 $30.00 LED PARTY STROBE MK2 AUG 2015 16101141 $7.50 
GPS USB TIMEBASE APR 2013 04104131 $15.00 ULTRA-LD MK4 200W AMPLIFIER MODULE SEP 2015 01107151 $15.00 
LED LADYBIRD APR 2013 08103131 $5.00 9-CHANNEL REMOTE CONTROL RECEIVER SEP 2015 1510815 — $15.00 
CLASSIC-D 12V to «35V DC/DC CONVERTER MAY 2013 11104131 $15.00 MINI USB SWITCHMODE REGULATOR MK2 SEP 2015 18107152 $2.50 
DO NOT DISTURB MAY 2013 12104131 510.00 2-WAY PASSIVE LOUDSPEAKER CROSSOVER OCT 2015 01205141 $20.00 
LF/HF UP-CONVERTER JUN 2013 07106131 $10.00 ULTRA LD AMPLIFIER POWER SUPPLY OCT 2015 01109111 $15.00 
10-CHANNEL REMOTE CONTROL RECEIVER JUN 2013 15106131 $15.00 ARDUINO USB ELECTROCARDIOGRAPH OCT 2015 07108151 97.50 
ІВ-Т0-455МН2 UHF TRANSCEIVER JUN 2013 15106132 $7.50 FINGERPRINT SCANNER - SET OF TWO PCBS NOV 2015 03109151/2 $15.00 
“LUMP IN COAX” PORTABLE MIXER JUN 2013 01106131 $15.00 LOUDSPEAKER PROTECTOR NOV 2015 01110151 $10.00 
LIL PULSER MKII TRAIN CONTROLLER JULY 2013 09107131 $15.00 LED CLOCK DEC 2015 19110151 $15.00 
LIL PULSER MKII FRONT & REAR PANELS JULY 2013 09107132/3 $20.00/set SPEECH TIMER DEC 2015 19111151 $15.00 
REVISED 10 CHANNEL REMOTE CONTROL RECEIVER JULY 2013 15106133 $15.00 TURNTABLE STROBE DEC 2015 04101161 55.00 
INFRARED TO UHF CONVERTER JULY 2013 15107131 $5.00 CALIBRATED TURNTABLE STROBOSCOPE ETCHED DISC ПЕС 2015 04101162 $10.00 
UHF TO INFRARED CONVERTER JULY 2013 15107132 $10.00 VALVE STEREO PREAMPLIFIER — PCB JAN 2016 01101161 $15.00 
IPOD CHARGER AUG 2013 14108131 $5.00 VALVE STEREO PREAMPLIFIER — CASE PARTS JAN 2016 01101162 $20.00 
PC BIRDIES AUG 2013 08104131 $10.00 QUICKBRAKE BRAKE LIGHT SPEEDUP JAN 2016 05102161 $15.00 
RF DETECTOR PROBE FOR DMMs AUG 2013 04107131 $10.00 SOLAR MPPT CHARGER & LIGHTING CONTROLLER ҒЕВ/МАВ 2016 16101161 $15.00 
BATTERY LIFESAVER SEPT 2013 11108131 $5.00 MICROMITE LCD BACKPACK, 2.4-INCH VERSION FEB/MAR 2016 07102121 $7.50 
SPEEDO CORRECTOR SEPT 2013 05109131 $10.00 MICROMITE LCD BACKPACK, 2.8-INCH VERSION FEB/MAR 2016 07102122 $7.50 
SiDRADIO (INTEGRATED SDR) Main РСВ OCT 2013 06109131 $35.00 NEW THIS MONTH 

SiDRADIO (INTEGRATED SDR) Front & Rear Panels OCT 2013 06109132/3 $25.00/pr BATTERY CELL BALANCER MAR 2016 11111151 $6.00 
TINY ТІМ AMPLIFIER (same PCB as Headphone Amp [Sept!1])OCT 2013 01309111 $20.00 DELTA THROTTLE TIMER MAR 2016 05102161 $15.00 
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Got a technical problem? Can't understand a piece of jargon or some technical principle? Drop us a line 
and we'll answer your question. Send your email to sili 


Shopping for a 
Class-D amplifier 

I have been shopping for an inex- 
pensive amplifier as part of my DVD 
surround sound system. The ampli- 
fier of interest is a Class-D amplifier. 
Places like eBay and Banggood are sell- 
ing Class-D amplifier modules for be- 
tween $13 and $30, with power output 
between 3W and 100W per channel. 
You can purchase a mono, stereo, 2.1 
channel and even a 5.1 channel mod- 
ule. The specifications include a THD 
of less than 0.196 and a frequency re- 
sponse between 20Hz and 20kHz. 

While I could find a locally-made 
suitable power supply for a 2-channel 
amplifier, for example a 15-20V 150W 
laptop power supply for less than $50, 
what if you want a power supply for 
a 5.1 channel module? The answer 
would require a power supply that 
can handle more current than a lap- 
top's power supply. The other reason 
is whether the *heavy duty" power 
supplies at 15V-20V purchased from 
overseas meet Australia's technical 
standards. (A. P., via email). 
€ High-power commercial DC sup- 


plies are available but a 150W ampli- 
fier will probably need more than 20V. 
We have published a number of Class-D 
power amplifiers, the most recent be- 
ing a 10W/channel design in Septem- 
ber 2014 and a high-power design in 
November & December 2012, together 
with a suitable power supply circuit. 

For a high-power Class-D amplifier, 
you really need a loudspeaker protec- 
tor as a catastrophic fault in the am- 
plifier would destroy the loudspeak- 
ers. A suitable protector circuit was 
described in these two articles. 

Even if you were not going to build 
our Class-D amplifier, we would still 
strongly recommend a Protector cir- 
cuit and in that case the best solution 
would be the Universal Protector fea- 
tured in the November 2015 issue. 


Gate closer using 


a wiper motor 


Many years ago, you produced an 
article for a gate closer using a wind- 
screen wiper motor. Please advise if I 
can purchase a copy of this project or 
any other similar one. (F. H., via email). 
€ You can see a 2-page preview ofthe 


n@sili hi m. 


wanted article at www.siliconchip. 
com.au/Issue/1997/August/Remote+ 
Controlled+Gates+For+Your+Home 

You can purchase the full digital is- 
sue or a print-out of the article itself 
from our Online Shop 


Wire glue not for high 


current connections 


I recently located Jaycar’s “Wire 
Glue” (Cat. NM2831) product in their 
catalog and thought it may be of use 
in the simpler projects that I find in 
the magazine. 

Is the glue designed to be used to 
make only temporary repairs to an 
electronic device until it can be prop- 
erly soldered/re-soldered or can it be 
used for more substantial and long 
term purposes in projects, etc? Could 
this glue be used to replace soldering 
in any of your existing (simple) pro- 
jects and might you consider using 
this glue as a solder replacement in 
any of your future simple projects? (P. 
M., Karrabar, NSW). 
€ Our reading suggests that this glue 
would probably be OK for connections 
where low resistance or a high current 


Fingerprint Access Controller Problems 


I built the Fingerprint Access 
Controller project from the Novem- 
ber 2015 issue and I am having all 
manner of problems with it. Firstly, 
do you need to have the actual scan- 
ner module connected to the con- 
troller for it to display anything on 
the LCD? I have been over the board 
many times. All components are pre- 
sent and accounted for, in their cor- 
rect positions, and all solder joints 
are good. 

I have all the correct voltages 
where they should be, with and 
without the PIC and LCD in place. 
I replaced the LCD just in case and 
even tried replacing the PIC16F88 
with a programmed unit from SILI- 
CON CHIP, just in case my PICkit 3 
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or computer is faulty. I’ve checked 
all tracks on the PCB have continu- 
ity and measured all capacitor val- 
ues and ESR. 

IfI apply power with the PIC16F88 
in its socket, all voltages are correct. I 
get two rows of square blocks on the 
LCD until I adjust the contrast pot 
and then they disappear. If I then re- 
move the power and re-apply it, the 
top lefthand character on the LCD 
flashes on and then disappears to 
reveal a blank LCD. I have also no- 
ticed that the backlight is coming on 
whilst the PIC is in its socket but not 
when it is out. 

I am at a loss to explain why all 
this is happening unless I need to 
havethe actual scanner module con- 


nected, which I am still waiting to 
arrive. Any help would be much ap- 
preciated. (P. C., via email). 

€ Thedisplay should show the cor- 
rect characters once you power up 
with the fingerprint module connect- 
ed. The program within the PIC will 
stall if the fingerprint module is not 
connected, as it waits for a response 
from the module at the beginning of 
the program sequence. 

Unless there is a response from 
the fingerprint module, there will be 
no data sent to drive to the display 
with characters. 

TheLCD backlight is switched un- 
der control by the PIC so the back- 
light will not light up with the PIC 
out of circuit. 
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connection is not required. However, 
we don't know how permanent these 
“glue” connections would be. 

In summary, if you need to make 
a non-critical connection when you 
don’t have a soldering iron available 
(or maybe you require connection to 
some metal, eg, aluminium, which 
cannot be easily soldered), then “Wire 
Glue” is probably worth trying. 


Parts queries for 


6-digit LED clock 

I am building the High-Visibility 
6-Digit LED GPS Clock project as fea- 
tured in the December 2015 & January 
2016 issues of SILICON CHIP. However, 
I am having trouble finding a couple 
of the parts as the 47-100kQ LDR and 
the 3.3V infrared receiver. I’ve found 
several suppliers have 5V infrared re- 
ceivers but not a 3.3V receiver. In ad- 
dition, Jaycar have a 48-140kQ LDR. 
Will this suit? (P. C., via email). 
€ The Altronics Z1611A infrared re- 
ceiver is rated for operation at 3-5V. 
The Jaycar part isn’t (5V only) how- 
ever it’s possible it will work anyway. 
We haven’t tried it. 

The specification for a 47-100kQ 
LDR was intended to suggest that an 
LDR with a nominal resistance that 
overlaps that range should be suita- 
ble, hence we expect the Jaycar part 
should work fine, especially as the 
clock software has automatic calibra- 
tion for the LDR. 

If you use the Jaycar LDR and find 
it doesn’t work well (unlikely), you 
could always change or shunt the 10kQ 
resistor from the supply rail to com- 
pensate, ie, increase its value if using 
an LDR with a higher nominal resist- 
ance or lower the resistor value for a 
lower-value LDR. 


Giant LED clock 


works well 

Just dropping you a quick note to 
say thanks for the giant LED clock. I 
really enjoyed putting it together. The 
software with the supplied PIC from 
SILICON CHIP has a few differences as 
described in the articles. I note there 
are two extra options, "HTAL" and 
“GPSLoc” and pushing the show date 
button twice shows the day of week. 

What do the other two options do? 
Further, mine doesn't show GPS 00 
and counting up it just shows flash- 
ing 12:00:00 and then after the acqui- 
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How About A Valve RIAA Preamplifier? 


With respect to your Valve Pre- 
amplifier project featured in the 
January & February 2016 issues, it 
is good to know that Altronics are 
going to do a kit. Have you consid- 
ered designing an RIAA preamplifier 
along these lines as well? 

Some time ago, I modified one of 
your earlier designs that used a sepa- 
rate power supply and two preamp 
PCBs (SILICON CHIP, November 2003 
& February 2004). It was a little cum- 
bersome but it did work OK. 

A design all on one board would 
be great. What do you think? (K. C., 
via email). 
€ It may be feasible to design an 
RIAA version ofthe valve preampli- 
fier but we are concerned that there 
may not be enough open-loop gain 
to ensure correct equalisation at the 
very low bass frequencies. And even 


sition time it switches to the correct 
time. Just curious; very happy with the 
way it is. (M. B., via email). 

€ The "HTAL" (actually meant to 
be *XTAL") allows the RTCC to be 
trimmed to compensate for any error 
in the 32.768kHz crystal frequency. If 
you are using a GPS unit with a 1PPS 
output, this is done automatically, to 
avoid the need for the RTCC to be cor- 
rected in whole-second steps. We're 
rather proud of this solution actually. 
What it does is it slowly decreases the 
RTCC “speed” by reducing the crystal 
trim value until the 1PPS pulses start 
coming before the RTCC tick-over. 

It then increases the trim value un- 
til the situation reverses and basically 
“dithers” the trim to keep the RTCC 
and GPS synchronised. You’d never 
notice it as it’s only changing tiny frac- 
tions of a second but it should avoid 
the need to ever actually correct the 
time except during DST changes. 

If no GPS is fitted, then XTAL trim 
can be used to manually adjust the 
LED clock to match a known-accu- 
rate clock. 

The GPSLOC setting is something 
we realised would be useful quite late. 
We had assumed that the data from the 
GPS unit would be unusable until the 
GPS unit indicated it had a good fix. 
Due to our metal roof and depending 
on the weather etc, sometimes we are 
not able to get a good fix, so we decided 


if there is sufficient open-loop gain, 
there will be very little more to pro- 
vide distortion reduction. 

We are also concerned that the 
signal-to-noise ratio would be very 
poor. The existing valve preamplifier 
has an S/N ratio of -105dB with re- 
spect to 1V. When referred to a 2mV 
signal, that will be reduced by 54dB 
to -51dB and that is not allowing for 
the almost 20dB boost at low bass 
frequencies. On that basis, such a 
preamplifier is likely to be unusable. 

Yes, we know that there are RIAA 
valve preamplifiers to be seen on the 
internet but unless they have chang- 
es the laws of physics, we cannot see 
how they could be satisfactory. If you 
want to listen to records via valves, 
use a good (SILICON CHIP) RIAA 
preamplifier and follow it with the 
valve preamplifier or valve amplifier. 


to see what would happen if the code 
was changed to use the data from the 
GPS unit regardless of whether it had 
a good fix. 

It seemed to give accurate time any- 
way, although perhaps not quite as 
accurate. The GPSLOC setting allows 
you to tell the clock to ignore the “fix 
good” indicator and just use the data 
from the GPS unit as soon as it has 
enough information to get the time 
(ie, UTC time, latitude and longitude). 
Basically, you’d only change this set- 
ting if you had trouble getting a reli- 
able GPS fix. 

Your clock probably doesn’t show 
the “GPS 00” display because the 
module doesn’t send much useful data 
until it has a good fix — or maybe it 
just gets a fix really quickly. Once the 
module is “warm” that's what tends to 
happen. With some modules though, if 
the signal is poor and it takes a while 
to get a fix, it will trigger the GPS pro- 
gress display. 


Switching transistor 
question 


I have a question about the Giant 
LED Clock project. The silk screen is 
not in agreement with the circuit dia- 
gram or the parts list, regarding what 
type of transistor goes where . . . all 
very confusing and frustrating. I have 
mounted Q1-Q9 as BC337 but the cir- 
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I recently purchased and built 
the High Quality Stereo Digital-to- 
Analog Converter kit from Altron- 
ics in Perth. It is based of the Sep- 
tember-November 2009 SILICON CHIP 
articles. 

Iam having some noise problems 
with the DAC kit on quiet passages 
at the start and end of songs. І am 
hearing a rapid quiet popping noise 
when using the optical inputs with 
a 96kHz or 192kHz sampling rate, 
although I think I might have also 
heard the sounds when using a co- 
axial input. The issue seems to be 
worse when using a PS3 or PS4 but 
on my PC's optical output, it's less 
of an issue. 

These popping sounds do not oc- 
cur if I put the signal through my 
sound card's S/PDIF input, so I've 
isolated the issue to the DAC. It also 
means that the devices I'm experi- 
encing the issues on don't cause any 
issues on other receivers. 

The notes and errata mention 
changing the 33pF capacitors at 
pins 1 & 2 of the optical receivers 
to 100pF. This, however, actually 
made things worse for me. Reduc- 


cuit specifies BC547, disagreeing with 
the parts list (BC337). 

I am worried that my board is now 
ruined, as to remove nine transistors 
without damaging the tracks may bea 
tall order. (G. M., via email). 
€ The circuit diagram and overlay 
diagrams published in the December 
2015 issues should be followed to 
build the clock. If Q1-Q9 have been 
fitted as BC337, leave it that way and 
just use BC337s throughout. The main 
reason for specifying the BC547s was 
to save a little money. 

Sorry about the confusion. We pub- 
lished errata in the February 2016 is- 
sue. 


Alternative strobe 


disc suggestions 


With reference to your white LED 
strobe and strobe disc presented in 
the December 2015 issue, old turnta- 
ble AC frequency stroboscopes had 
limitations that need not limit a design 
based upon a microcontroller. 

Since you use a quartz crystal to gen- 
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ing those capacitors' value seems to 
have made some improvement but it 
still didn’t resolve the problem com- 
pletely. I have tested with smaller 
capacitors down to 1.5pF but ended 
up removing them altogether. It still 
has some noise but it is reduced to 
the occasional pop. 

Is it safe for me to remove these 
capacitors? What is their purpose? 

Looking at the circuit design, I'm 
a bit confused about the implemen- 
tation of the optical input. I looked 
at the data sheet for the Altronics 
optical receiver and it shows a sam- 
ple implementation with a bypass 
capacitor and series 47uH inductor 
for pin 3, however there is no such 
inductor in your particular design. 
Should I try adding these inductors? 
Inote that the CLASSiC DAC design 
uses those inductors. 

If you have any tips to resolve 
the popping sound issue, it would 
be very much appreciated. (T. K., 
via email). 

@ We believe it is safe to remove 
those capacitors. The DAC was origi- 
nally designed to use Jaycar Toslink 
receivers which recommended those 


erate the timebase, why bother with 
multiple strobe patterns and a single 
strobe speed when you could easily 
generate three accurate strobe speeds 
and use a simple single bar set for the 
strobe pattern? 

With a pushbutton and pull-up 
resistor to re-purpose the GP2 pin, 
and eliminating the JP1 jumper, you 
could switch the frequencies in soft- 
ware. The spare GP1 pin, for example, 
could drive a LED and resistor to flash 
a simple pattern to show which strobe 
rate was active. 

With a 90-bar strobe pattern, for ex- 
ample, wouldn’t generating accurate 
flash rates of 50, 67.5 and 117Hz be a 
doddle, particularly if the crystal was 
3.2768MHz? (К. S., via email). 
€ There are many ways to produce 
a suitable strobe but we wanted to be 
able to have a strobe light that was 
compatible with existing strobe discs, 
and particularly those turntables with 
strobe markers arranged around the 
rim of the platter. 

While a LED could have been used 
to indicate different strobe rates select- 


capacitors in the data sheet. Presum- 
ably they were intended to improve 
noise immunity however as you've 
found, they seem to make matters 
worse instead. 

We're not sure how much induc- 
tors would help however they might 
reduce noise in the power supply. 
You could try cutting the supply 
tracks and soldering one in series 
for each receiver. Unfortunately, 
Jaycar seem to have stopped selling 
the Toslink receivers we used origi- 
nally so you may not be able to get 
these to try. 

Have you tried moving the DAC 
away from any sources of electrical 
noise? It may also be worth putting 
aferrite sleeve around the power ca- 
ble to the unit to prevent high fre- 
quency interference from coupling 
inside. Your problem could be due 
tointerference from other equipment 
or inadequate supply bypassing/fil- 
tering for the receiver modules. 

You could also try replacing the 
bypass capacitors for the optical re- 
ceivers with higher value ceramic 
types, eg, 1uF (ideally X7R dielec- 
tric or similar). 


ed with a pushbutton, a simple jumper 
link that's either in or out is all that's 
required for 100/120Hz selection. 


Design for a 6V CDI 


system wanted 

I'm looking for a CDI I can build 
for an old 1970s Ariel Arrow 2-stroke 
motorbike engine. I've downloaded an 
article and circuit drawings from your 
website, based on a 1997 design. My 
problem is that the Arrow has a 6V 
electrical system, so what modifica- 
tions would be needed to convert this 
to 6V? (S. W., via email). 
€ Unfortunately, none of our invert- 
er based CDI designs can be easily 
changed to 6V operation since the in- 
verter driver ICs will not work at that 
low voltage. The “Replacement CDI 
For Small Petrol Motors" (SILICON 
CHIP, May 2008) may suit your bike 
if there is a high-voltage generator in- 
cluded on the bike itself. 

A 6V CDI was published in the No- 
vember 1971 issue of Electronics Aus- 
tralia. Its inverter was a free-running 
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Notes & Errata = 


Loudspeaker Protector, October 
2011 & Universal Loudspeaker Pro- 
tector, November 2015: both articles 
refer to a 70°C thermal cut-out from 
Jaycar, Cat. ST3831. This is incor- 
rect, the correct catalog number is 
5Т3833. 


High-Visibility 6-Digit LED GPS 
Clock, December 2015-January 
2016: two bugs have been identi- 
fied in the firmware. One causes the 
unit to display the incorrect time for 
8pm and later when set to 12-hour 
mode. The other causes minutes to 
be shown as 60 rather than 00 for one 
minute if the current time zone has 
an offset that is not a whole num- 
ber of hours. 

Firmware v1.2 (revision C) fixes 
both problems and is available for 
download from our website. Affect- 
ed users can send their PIC32 chips 
back in to be re-programmed if they 
are unable to do so themselves. 

In addition, in Pt.2, the instruc- 


Ask SILICON CHIP 


. . Continued from page 94 


minimal heat in the 100 resistors. А 
higher frequency could reduce satura- 
tion time in the windings. 


USB power injector 
for STB HDD 


The USB Power Injector featured in 
the January 2016 issue has caught my 
interest. I am wondering if this sim- 
ple circuit would be suitable for use 
in powering an external HDD (up to 
500GB) for a Dick Smith (DSE) Set Top 


tions for gluing the case together 
state "The front panel is rotational- 
ly symmetrical so its orientation is 
not important . . .". 

While the front panel is rotation- 
ally symmetrical, it does not have 
mirror symmetry so it is possible to 
glue it “flipped” such that the LED 
colons will slant in the wrong direc- 
tion. Please pay attention to this pos- 
sibility while assembling the case. 


QuickBrake, January 2016: The 
voltage applied to the reset pin of 
7555 timer IC3 once the timing ca- 
pacitor has charged may not reach 
a sufficient level to release the reset. 
To solve this, change the 220kQ re- 
sistor between pin 4 of IC3 and the 
5V supply to 82kQ. 

In addition, trimpot VR1 is shown 
incorrectly orientated in the circuit 
diagram (Fig.1). Clockwise rotation 
reduces the resistance and thus re- 
duces sensitivity, as stated in the 
text. 


Box [DSE codes *GH5930" & *GH5944" 
— I have one of each and my Dad has 
two ofthe earlier model (the GH5930)]. 
According to the manuals, it would 
appear that both of these units may be 
able to handle a USB drive of *up to" 
500GB (the GH5944 up to 2TB) with 
a supplementary power supply and, 
if necessary, reformatted to FAT32. 
Would you agree with this proposi- 
tion? (P. M., via email). 
€ Yes,the USB power injector should 
be suitable for the external hard drive. 
Power capability is dependent on the 
5V supply so it needs to be rated for 
the hard drive's current drain. 56 
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The April 2016 issue of SILICON 
Сні is due on sale in newsagents 
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postal delivery of subscription cop- 
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SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such 
projects should be considered dangerous or even lethal if not used safely. 


Readers are warned that high voltage wiring should be carried out according to the instructions in the articles. When work- 


ing on these projects use extreme care to ensure that you do not accidentally come into contact with mains AC voltages or 
high voltage DC. If you are not confident about working with projects employing mains voltages or other high voltages, you 
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be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. 
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MARKET СЕМТКЕ 


Cash in your surplus gear. Advertise it here in SILICON CHIP 


FOR SALE 


TEKTRONIX 316 10MHz valve oscillo- 
scope. Excellent condition. In use until 
1989, then storage, Sydney. Suit collec- 
tor/restorer. No probes. Best offer above 
$140.00. email kim.hague-smith @tpg. 
com.au 


tronixlabs.com - Australia's best value 
for hobbyist and enthusiast electronics 
from adafruit, DFRobot, Freetronics, 
Raspberry Pi, Seeedstudio and more, 
with same-day shipping. 


CRO & BITS for robotics. BWD 1722 
Oscilloscope plus manuals. Assorted 
motors, cogs, solenoids, magnetic 
clutches etc removed from photocopier. 
Free if able to pick up. NE Victoria. 

tevitarobson 9 gmail.com for details. 


PCB MANUFACTURE: single to multi- 
layer. Bare board tested. One-offs to 
any quantity. 48 hour service. Artwork 
design. Excellent prices. Check out our 
specials: www.ldelectronics.com.au 


PCBs MADE, ONE OR MANY. Any 
format, hobbyists welcome. Sesame 
Electronics Phone 0434 781 191. 
sesame @sesame.com.au 
WWW.Sesame.com.au 


PCBs & Micros: SILICON CHIP can 


= Battery 
Experts 


Master Instruments 
Expert advice 
Technical expertise 
Qualified customised 

battery & charger solutions 


NSW (02) 9519 1200 
WA (08) 9302 5444 
VIC (03) 9872 6422 


salesemaster-instruments.com.au ! 
www.master-instruments.com.au 


supply PCBs and programmed micro- 
controllers and other specialist parts for 
recent projects and some not so recent 
projects: www.siliconchip.com.au or 


Announcing Pioneer Hill Software 
SpectraPLUS 24bit DAQ ADC 
spectrogram, t.h.d. and i.m.d. analysis, f.f.t, 
acoustic tools, 3D surface plot, sig. gen. etc. 
Fully shielded SpecctraDAQ200 ADC/DAC 
24bit/192kHz dual channel, Wolfson. AKM 
converters ... USB3 interface to laptop/PC 
As 2ch. 24bit recorder t.h.d. - 0.002%тах 
see : www.spectraplus.com 
Order direct, USA contact : John Pattee 
(pioneer@spectraplus.com) 
Local agent : DSCAPE Melbourne 
s/w , hiw package ca. USD $1500 
Aus. Distributor : Julian Driscoll CEO 
jcdrisc@tpg.com.au for support 


Labour fees $35 p/h. Pensioner dis- 
counts available on application. Contact 
Alan on 0425 122 415 or email bigal 
radioshack@ gmail.com 


phone (02) 9939 3295. 


LEDs, BRAND NAME and generic 
LEDs. Heatsinks, fans, LED drivers, 
power supplies, LED ribbon, kits, 
components, hardware, EL wire. www. 
ledsales.com.au 


KIT ASSEMBLY & REPAIR 


VINTAGE RADIO REPAIRS: electri- 
cal mechanical fitter with 36 years ex- 
perience and extensive knowledge of 
valve and transistor radios. Professional 
and reliable repairs. All workmanship 
guaranteed. $10 inspection fee plus 
charges for parts and labour as required. 


KEITH RIPPON KIT ASSEMBLY & 
REPAIR: 

* Australia & New Zealand; 

* Small production runs. 

Phone Keith 0409 662 794. 
keith.rippon @ gmail.com 


DAVE THOMPSON (the Serviceman 
from SILICON CHIP) is available to help 
you with kit assembly, project trou- 
bleshooting, general electronics and 
custom design work. No job too small. 
Based in Christchurch, NZ but service 
available Australia/NZ wide. Phone 
NZ (+64 3) 366 6588 or email dave@ 
davethompson.co.nz 


Pare. tances an EE aa е рр АЗЫ, | 


i ADVERTISING IN MARKET CENTRE i 


| Classified Ad Rates: $32.00 for up to 20 words plus 95 cents for each additional word. Display ads in Market Centre | 
(minimum 2cm deep, maximum 10cm deep): $82.50 per column centimetre per insertion. All prices include GST. 

| Closing date: 5 weeks prior to month of sale. To book, email the text to silicon @siliconchip.com.au and include your i 
name, address & credit card details, or phone Glyn (02) 9939 3295 or 0431 792 293. 


Ask SILICON CHIP AVR 


. . . continued from page 94 


Dog silencer 


overheats 


I built the Dog Silencer (SILICON 
CHIP, July 1999) from an Oatley Elec- 
tronics kit but I’m having trouble with 


siliconchip.com.au 


it. The MTP3055 Mosfets on the out- 
put amplifier have 1W 10€ resistors 
on their drains which keep overheat- 
ing and I can’t see why. 

I replaced the Mosfets and discon- 
nected the output transformers so 
there is no load and still the resistors 
cook. The output transformers get hot 
too. It's a simple circuit and shouldn't 
be a problem so any help you can give 


us would be appreciated as the dogs 
just keep on barking. (T. D., Perth, WA). 
€ Тгусоппесііпе a 1N5819 Schottky 
diode across each transformer primary 
with the cathode to 12V and the anode 
to the junction of the 100 resistor and 
the transformer winding. The diode 
will clamp the back-EMF rather than 
the 100 resistor via the Mosfet. Also, 
the frequency could be adjusted for 
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As a part of our university project, 
Irecently purchased CLASSiC-D am- 
plifier kit and power supply kit. As 
thearticle says, we need a 300VA, 40- 
0-40V toroidal transformer. Can we 
use a 500VA 35-0-35V or 40-0-40V 
unit? And if we use 35-0-35V, does 
only ZD6 need to be changed to 33V 
or do we need need to change all the 
resistors (Rp, R2A, R2B, R3A, R3B, 
R4, R5, R6, R7, R8, R9 & R10) and 
zener diodes ZD5 & ZD6, as shown 
in the table? (J. J., via email). 
€ Yes, you can use a 500VA trans- 
former. If building a stereo amplifier, 
it would allow you to get a continu- 
ous output rating of 200W or more 
per channel into 4-ohm loads, while 
the specified 300VA transformer 
would limit you to about 120W 
per channel on a continuous basis. 
The only disadvantages of using a 
500VA transformer are size, weight 
and cost. 

You certainly could use 35-0-35V 


oscillator based on two 2N3055 NPN 
transistors driving a pot-core trans- 
former which would now be very diffi- 
cult to obtain. However, you could pos- 
sibly produce a suitable transformer, 
with suitable primary and secondary 
turns, using the transformer core fea- 
tured in our most recent CDI, in the De- 
cember 2014 and January 2015 issues. 

You can order a reprint of the Elec- 
tronics Australia CDI article from our 
website at www.siliconchip.com.au 

Alternatively, you could use a stand- 
ard (ie, non-CDI) ignition such as our 
High-Energy Ignition System in the 
November & December 2012. This can 
be run at 6V. 


Raspberry Pi 
set-up hiccup 

The Raspberry Pi temperature sen- 
sor articles in the January & February 
2016 issues are fantastic projects! It 
has everything — a fast processor, good 
programming capability, WiFi, head- 
less operation, sensor cards and more 
— Wow! It's several orders of magnitude 
better than a PICAXE. 

I bought the WiFi starter pack from 
Wiltronics. Initially, the WiFi did not 
work but after running the “update” 
and “upgrade” commands and reboot- 
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but then you might not be able to 
get the rated power. It would come 
close, however. If doing this, you 
should change 206 to 33V, to pre- 
vent premature under-voltage cut- 
out. 

Because the difference in the DC 
supply rails between 35V and 40V 
transformers is relatively small 
(~55V vs ~48V), you could probably 
get away without changing the other 
component values. However, doing 
so might have some benefits. 

We suggest the following: 

Rr: leave it at 4.3kQ 
R2A,R2B,R3A,R3B: 3.9kQ 1W 
R4: 39kQ 

R5: 2.7kQ 

R6: leave at 6.8kQ 
R7: leave at 8.2kQ 
R8: 2.0kQ 

R9: 6.8kQ 

R10: 6800 1W 

205: 56V 1W 

ZD6: 33V 1W 


ing the RPi, it then worked fine. 

Iam currently stuck on Step 8, *Con- 
nect the Sense HAT". When I run the 
sudo pip-3.2 install pillow command I 
get this error: 


File “/home/pi/build/pillow/setup.py”, 
line 516, in build extensions 

(f, f)) 

ValueError: jpeg is required unless ex- 
plicitly disabled using --disable-jpeg, 

aborting 


Then when I run the Python mod- 
ule as per your article I get the follow- 
ing error: 


ImportError: No module named PIL 


Could you offer any guidance as to 
what might be happening? Keep up the 
good work. (L. B., Thornleigh, NSW). 
€ The error message you received 
is explained at this link: www. 
raspberrypi.org/forums/viewtopic. 
php?t=130745&p=875524#p872657 


To solve it, run this command: 


sudo apt-get install libjpeg-dev 


You should then be able to install 
Pillow. We didn’t have to do this with 
the version of Raspbian we used but 
it looks like it may be necessary for 
other versions. (Reader feedback: that 
did the trick). 


Problem with reluctor- 


based ignition system 

I have just found and built the May 
1990 High-Energy Ignition for Reluc- 
tor Distributors. I have a Toyota dis- 
tributor, from a Toyota 5 FSE motor. 
It has two reluctor coils. I suspect the 
top one is for cylinder 1 sensing but 
the one below is a mystery to me. The 
lower shaft has four poles but the up- 
per one has only one. 

I have measured the output of both 
upper and lower coils with aDVM and 
their outputs seem to be about 300- 
400mV. When I connect these coils 
to the ignition module, the LED does 
not flash at all. It seems that the LED 
and the Darlington Transistor are al- 
ways on. 

What have I done wrong? (M. S., 

via email). 
@ The reluctor output is too low for 
the ignition module to work. The out- 
put from the reluctor needs to be sev- 
eral volts rather than 300-400mV. 

Generally, a reluctor will deliver up 
to 30V peak when the engine is run- 
ning. Check that you have the correct 
wires connected and that they are of 
the correct polarity. 


Jacob's Ladder IGBT 
gets too hot 


Iassembled one of your Jacob's Lad- 
der kits (SILICON Снір, February 2013) 
and it worked fine. However, I soon 
burned out the Q1 IGBT. I replaced it 
and have noticed that after even a few 
seconds of use, it becomes red hot. 

The voltage regulator is doing its job 
as everything checks out around 5V so 
I am unsure as to why this would be 
happening. Any ideas or suggestions? 
Can the part be substituted for some- 
thing else? (D. B., via email). 
€ We suspectthat you have the dwell 
period set too long. The dwell should 
be set to its minimum and then slowly 
advanced so there is sufficient spark- 
ing for the ladder but without over- 
heating the IGBT. 

The dwell is set using VR1. If this 
does not change the spark intensity, 
check that the trimpot (with the igni- 
tion coil disconnected) varies the volt- 
age at pin 18 of IC1 from 0-5V, with 
clockwise rotation increasing it. 

Finally, check that the IGBT is se- 
curely bolted to the case (but is elec- 
trically isolated) to ensure effective 
heatsinking. 
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ОПП“ = эша 


A2size(594x420mm) _ 
ited оп 200gsm photo paper | 


“Draw оп with whiteboard markers 
(remove with damp cloth) 


е Available flat or folded 


SIL ICON CHIP REACTANCE - INDUCTANCE - CAPACITANCE - FREQUENCY 
How good are you at remembering formulas? If you don't In fact, it's so useful we decided our readers would love to 
use them every day, you're going to forget them! get one, so we printed a small quantity - just for you! 
Things like inductive and capacitive reactance? Series and And here it is: printed a whopping A2 size (that's 420mm 


parallel L/C frequencies? High and low-pass filter frequencies? wide and 594mm deep) on beautifully white photographic 


This incredibly useful reactance, inductance, capacitance paper, ready to hang in your laboratory or workshop. 


and frequency ready reckoner chart means you don't have If you don't find it as useful as we do, we'll be amazed! In 

to remember those formulas - simply project along the fact, we'll even give you a money-back guarantee if you don't!* 
appropriate line until you come to the value required, then Order yours today - while stocks last. Your choice of: 

read off the answer on the next axis! Supplied fold-free (mailed in a protective mailing tube); 


Here at SILICON CHIP, we find this the most incredibly useful ог folded to A4 size and sent in the normal post. 
chart ever — we use it all the time when designing or checking 


ud But hurry - you won't believe you have done without it! 
circuits. 


#Must be returned post paid in original (ie, unmarked) condition. 


Read the feature in January 2016 SILICON бн (or view online) to see just how useful this chart will be in your workshop or lab! 


NOW AVAILABLE, DIRECT FROM www.siliconchip.com.au/shop: 


Flat — (rolled) Folded — *READERS OUTSIDE AUSTRALIA: 
and posted in a $2099?ea and posted in a 51000еа Email us for a price mailed to your country 


secure mailing tube inc GST & P&P* heavy A4 envelope inc GST & P&P* (specify flat or folded). 
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ALTRONICS 


2016-2017 | 28h Е. 


ALTRONICS 


Build It Yourself Electronics Centre? 


Build It Yourself Electronics Catalogue 


Premium Ei 


мыла oa 


ano ann 


K 4035 


M 8195 


Lithium Car Jump Starter 


Suits 12V battery vehicles. 16800mAh rated 
battery provides up to 800A peak output when 
cranking. Two USB ports are provided for 
charging devices. It also has a super bright 1W 
LED torch. Dimensions: 178L x 84W x 45Dmm 


Driveway Monitor Kit 

Uses magnetic field detection to provide an audible 
and visual alert when a vehicle is detected in your 

driveway. Extra output can activate a mains switch 


Add Bluetooth® streaming to 
any amplifier instantly! 


Pairs with your phone to stream your favourite tunes 
to your existing audio system.. Includes 3.5mm lead 
Buy P 6020 1.5m lead to hook up to RCA input on 

most amps ($6). USB 5V 1A charging output 


K 2547 
for lighting etc. Ideal for gate monitoring on farms 


Audio Signal Injector/Tracer Kit 
Ideal for fault locating in radio and 
audio circuits. Includes a 1kHz 
oscillator (injector) and an in-built 
preamp/ amplifier with a 
headphone jack (tracer) 


Кл ampunan | 


тт. 


Reduce the chance of being “геаг ended" 
with the Quick Brake kit. 


= 

peaa pin wi The Quick Brake detects fast pedal movements 

Stunning Performance Biema? Power Amplifiers А3155 ZXISUW Vee between accelerator and brake and switches on 
h ke lights before f eaches the 

The latest release from Biema” with several key enhancements in cooling, efficiency 16355 Lire Before; your feot reaches in 
and circuit protection. High power non-bridgeable design is perfect for DJs, bands g peus 
function venues using foreground sound reinforcement. 3 pin ХЕК and 6.35mm inputs. д 4157 2x250W Handy Breadboard 
Speakon and binding post outputs. 2 year warranty. A 4159 2x350W Power Module 


Makes the most of your 

breadboard space. 3.3V or 

5V DC selectable. Powers 
busses. USB input or 


8 Channel Relay Board 
5V DC coil, popular for use with 
microcontroller automation projects 


Heart Rate 
Monitor Sensor 
5Uses an IR LED and 
optical transistor to 
detect pulse on the 
surface of the skin. 


А 1115 


| Add Bluetooth? audio 
| 2x 50W Stereo Mini Amp to your favourite speakers! 


Funduino Nano 26352 


Clone version of the popular Arduino 


Power up speakers in your study or alfresco 
with this mini amp. 3.5mm and RCA inputs 
Class D design. Internal headphone amplifier. 


Why pay for new bluetooth speakers when you can 
add this 2x20W RMS module to your existing 
speakers? Streams music direct from your phone! 


Nano board. atMega328P chip 


Store Locations: » Virginia QLD: 1870 Sandgate Rd » Springvale VIC: 891 Princes Hwy 
» Auburn NSW: 15 Short St » Perth WA: 174 Roe St » Balcatta WA: 7/58 Erindale Rd 


» Cannington WA: 6/1326 Albany Hwy 


© Altronics 2016. E&OE. Prices stated herein are only valid until 31/03/16 or until stocks run out. All prices include GST and 
exclude freight and insurance. See latest catalogue for freight rates. All major credit cards accepted. 


3-5V input. 15mm. 


ZSRORBES 


Metal Sheet Metal Wood i Machine Tool Measuring Workshop Lifting School & Tafe 
Working Fabrication Working Accessories Equipment | & Automotive Handling Equipment 


EDBD-13 VS-600 


x 
Кы” A family 
N owned 
Australian 


еч business 


Drill Sharpener Portable Video Palm 
e 3-13mm or 1/8"-1/2" Inspection Camera ,---” " 
* CBN grinding wheel * 9mm camera with 600mm*cable Фоо STI-AW 
ae s LED lighting Service Tool Tray / 
е I oin 
ж Hine desees А " * 740 x 510 x 20mm top tray пн BRIT 
noce meant c руск up, * 860~1200mm adjust. tray height AL CALIPER 
y * 34kg tray load capacity DIGITI E THE I MIU nditions: 
А А * Padded vertical support MPLY TAY 4: ег 
Order Code: M696 $ pel сеп Бей 


ү бе\ 
PES Digha valid С aliper with these ms. 


x „ Offer o! 


.20 


Order Code: T758 


Order Code: 0070 


cs-55 Circular Plunge 


& Mitre Cut Saw - Package | WT-01 Welding Table 


ж : Tum Sewage ; * Huge 100kg load capacit 
HM 32 s * 45? saw head tilt Ñ g g pacity 
Mill Drill - Belt Drive + 1.2kW/1.6hp, 240V el * 790-925mm table height 
> 09 540mm (Y) 180mm, Z) 410 * Includes guide rai, ~N | е esetere 
. тт, тт, тт | . қ 
* 820 x 240mm work table — А V “ Folds flat Тар апа Ше Sets Alloy Steel 
* 2hp, 240V motor 3 r ЕН ———— etric Set (T014) 
* Includes drill chuck, uM ^C -—- Шин © MG - M24 thread range 
———M 
face cutter & = d UNC/UNF Imperial Set (T015) 
tilting vice Order Code: W874 2 * 1/4"-1" thread range 
Order Code: M121 


Order Code: Т014 


WBS-3D 


= Steel Work Bench 
К * 2000 х 640 x 870mm 
e $ № * 3 Lockable drawers 


Order Code: Т015 


ete 
Order Code: W1004 ® ке, Te 


Y Bearing slide drawers $ 
A Huge shelf compartment 

7. : Р 9 p 

ХО Mill Drill Stand 198 

> v Order Code: M135A SDC-5D 

LÀ " Р Steel Service Cart 
£ TiGer 2000S Wetstone Grinder • 870 x 560 x 1085mm 

г ү * German design & technology * 320kg total load capacity 
> * 200mm stone & hone wheels * Key lockable system 

» APW-14 mM : 120W, 240V motor * 5 drawers with ball 


. A^ Di 14 Includes straight edge jig, setting 
Á ОКК, Auto Parts Washer 27/4 gauge & honing paste 


. 
14 litre tank Order Code: W859 


• 1141/һг, 240V pump Р pm —— 

* 520 x 540 x 350mm 

* Includes cleaning gun 5242. 
with brush EX А 3 


Order Code: A369 


bearing slides 
* 4 wheels (2 with swivel 
& brake) 


Order Code: T756 


$418 
PAPERLESS WARRANTY ONLINE PROMOS 
TRACK YOUR ORDERS CLICK & COLLECT 
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